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The Naval Postgraduate School (NPS) was estab-
lished to serve the advanced educational needs of the 
Navy. The broad responsibility of NPS is reflected in 
its stated mission:
To increase the combat effectiveness of commissioned officers 
of the naval service to enhance the security of the United States. 
In support of the foregoing, and to sustain academic excellence, 
fosters and encourages a program of relevant and meritorious 
research which both supports the needs of the Navy and Depart-
ment of Defense (DOD) while building the intellectual capital 
of the Naval Postgraduate School faculty.
To fulfill its mission, the Naval Postgraduate 
School advances innovation in the Navy and pre-
pares officers for employing new technologies. The 
research program at NPS supports the mission of 
graduate education. Research at NPS
• advances knowledge in a wide range of  
  disciplines relevant to DON/DOD; 
• maintains upper-division course content and 
  cutting-edge programs; 
• provides the opportunity for students to 
  demonstrate independent graduate-level 
  scholarship in their areas of study;
INTRODUCTION
The Naval Postgraduate School is pleased to present the dissertation, thesis, and capstone 
project report abstracts for unrestricted research completed in June 2017 by the 
graduating class.
• Civil-Military Relations 
• Combating Terrorism Strategy and Policy
• Defense Decision Making and Planning 
• Homeland Security and Defense 
• Security Studies
• Stabilization and Reconstruction
• National Security and Intelligence, Regional 
  Studies:
- Middle East, South Asia, Sub-Saharan Africa
- Far East, Southeast Asia, the Pacific
- Europe and Eurasia
- Western Hemisphere
School of International Graduate Studies (SIGS)
The unique programs and faculty expertise within SIGS seek to identify and address current and emerging security challenges and 
strengthen multilateral and bilateral defense cooperation between the United States and other nations. Areas of expertise range from 
nuclear nonproliferation to counterterrorism; from the history of war to emerging biological and cyber threats; and from the security 
aspects of political economy to international law. 
ACADEMIC PROGRAMS
MISSION
• challenges students with creative problem 
  solving experiences on DOD-relevant issues; 
• solves warfare problems; and
• attracts and retains quality faculty with 
  state-of-the-art expertise.
To meet its educational requirements, the Navy 
has developed a unique academic institution at NPS 
and via distance learning (DL) through specially tai-
lored academic programs and a distinctive educa-
tional experience tying academic disciplines to naval 
and joint warfighting applications. NPS has aligned 
its education and research programs to achieve three 
major goals: 
1. nationally recognized academic programs that 
support the operations of the Navy and Ma-
rine Corps, our sister services, and our allies; 
2. research programs that focus on the integra-
tion of education and research in support of 
current and emerging national security tech-
nologies and operations; and
3. executive and continuing education programs 
that support sustained intellectual innovation 
and growth throughout an officer’s career.
xii
• Applied Cyber Operations 
• Computer Science (residential and DL)
• Computing Technology (DL)
• Cyber Systems and Operations
• Cost Estimating and Analysis (DL)
• Electronic Warfare Systems (International)
• Human Systems Integration
• Identity Management and Cyber Security 
  (residential and DL)
• Information Sciences
• Information Systems and Operations
• Information Systems and Technology
• Information Warfare
• Joint C4I Systems
• Joint Information Operations
• Joint Operational Logistics
• Modeling, Virtual Environments, and  
  Simulation 
• Operations Analysis
• Remote Sensing
GSOIS delivers graduate-level education and conducts cutting-edge research in four non-traditional knowledge domains responsive 
to U.S. military needs: information science and technolog y, military computer science, military operations analysis and research, 
• Acquisition and Contract Management
• Advanced Acquisition Program
• Contract Management (DL)
• Defense Business Management
• Defense Systems Analysis
• Defense Systems Management
• Executive MBA (DL)
• Financial Management
• Information Systems Management
• Material Logistics Support
• Manpower Systems Analysis
• Program Management (DL)
• Supply-Chain Management
• Systems Acquisition Management
• Transportation Management
Graduate School of Business and Public Policy (GSBPP)
GSBPP reflects the management side of national defense in support of operational requirements, with programs open to the U.S. 
uniformed services, DOD employees and contractors, federal employees, and international military and government employees. An 
integrated civilian and military faculty focuses on defense organizations, system applications, and instruction supported by extensive 
defense-oriented research. 
Graduate School of Engineering and Applied Sciences (GSEAS)
GSEAS provides advanced education in engineering and applied sciences while developing technological advances with strict ap-
plication to DOD needs, thus setting it apart from civilian graduate schools of engineering. It is focused on preparing the next 
generation of U.S. and international leaders, military and civilian alike, for the uncertainties and challenges of a rapidly changing 
technological world.
• Applied Mathematics
• Combat Systems Sciences and Technology
• Electronic Systems Engineering (residential 
  and DL)
• Mechanical Engineering for Nuclear-trained 
  Officers (DL)






  Engineering (DL)
• Space Systems Engineering
• Space Systems Operations  
  (residential and DL)
• Systems Engineering (residential and DL)
• Systems Engineering Management (DL)
• Undersea Warfare 
• Underwater Acoustic Systems (DL)
Office of the Provost
The Office of the Provost provides oversight to a specialized degree program that leads to a master of sci-
ence in systems engineering analysis. Students benefit from cross-disciplinary course offerings and research op-
portunities found in GSEAS systems engineering and GSOIS systems and operational analysis curricula. 
• Systems Engineering Analysis
xiii
Independent scholarly work in the form of a dissertation (PhD), thesis (master’s/engineer), or capstone project 
is required for most academic programs. Student research projects address issues ranging from the current 
needs of the fleet and joint forces to the science and technology required to sustain long-term superiority of 
the Navy and DOD. Guided by faculty advisors, NPS students represent a vital resource within the DOD for 
addressing war-fighting problems and maintaining cutting-edge expertise, particularly in a time when tech-
nology and information operations are changing rapidly. Naval Postgraduate School alumni think innovatively 
and possess the knowledge and skills to apply nascent technologies in the commercial and military sectors. 
Their firsthand grasp of operations, when combined with challenging projects that require them to apply their 
focused graduate coursework, is one of the most effective elements in solving fleet, joint-force, and regional 
problems. NPS graduate education encourages a lifelong capacity for applying basic principles and creative 
solutions to complex problems. NPS is also unique in its ability to conduct classified research. Classified theses 
are available on the NPS SIPRNet.
STUDENT RESEARCH
Source: Naval Postgraduate School Public Affairs Office
The student body consists of U.S. officers from all 
branches of the uniformed services, civilian employ-
ees of the federal government, and international mili-
tary officers and government civilians. The student 
population distribution for June 2017 is shown in 
Figure 1.
STUDENT POPULATION
Figure 1: Total enrollment by student type for the third quarter 




Curricula meet defense requirements within the traditional degree framework through residential or distance-
learning programs. The curricula listed below lead to master's, engineer, or doctor of philosophy degrees. NPS 























• Identity Management and 
Cyber Security
• Security Studies
Master of Business 
Administration
• Master of Business Administration
• Executive Master of 
Business Administration
 
Master of Computing 
Technology







Master of Human 
Systems Integration
Master of Science





• Combat Systems Technology
• Computer Science
• Contract Management
• Cyber Systems and Operations
• Defense Analysis
• Electrical Engineering




• Human Systems Integration
• Information Strategy and Political 
Warfare
• Information Technology Management





• Meteorology and Physical Oceanography
• Modeling, Virtual Environments, and 
Simulation






• Remote Sensing Intelligence
• Software Engineering
• Space Systems Operations
• Systems Engineering
• Systems Engineering Analysis
• Systems Engineering Management
• Systems Technology
Master of Systems Analysis
Source: NPS Public Affairs Office
Source: NPS Public Affairs Office
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JUNE 2017 DEGREES CONFERRED
Figure 2. Distribution of degrees conferred by academic school, June 2017
(unrestricted theses)
The June 2017 graduating class produced 156 unrestricted dissertations, theses, and capstone project reports as 
part of the graduation requirement. Figure 2 indicates the distribution of degrees awarded by academic school.
Source: NPS Public Affairs Office
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ACADEMIC AWARDS ANNOUNCED JUNE 2017
Many departments honor graduating students for the quality and contributions made by their dissertations, 
theses, or capstone reports. The following listing recognizes students selected by NPS faculty and military 
associations for superior academic achievement and outstanding theses.
Campus-Wide Awards
• Monterey Council Navy League Award for Highest Academic Achievement: Captain Ezra W. Akin, 
 USMC—Outstanding Thesis: A Multi-Armed Bandit Approach to Following a Markov Chain
• Association of the United States Army, General Joseph W. Stilwell Chapter, Award for 
 Outstanding Army Student: Major Erik Stanfield, USA—Outstanding Thesis: Lost in Translation: Lessons 
 from Counterterrorism for a More Proactive Weapons of Mass Destruction Strateg y
• The Hans Jones Award for Excellence in Thesis Research in Special Operations and lrregular Warfare or 
 Security, Stabilization, Transition and Reconstruction (SSTR): Major Erik Stanfield, USA
• Naval Postgraduate School Outstanding Academic Achievement Award for lnternational Students: Major 
 Daniel Funk, German Army
• The Surface Navy Association's Award for Excellence in Surface Warfare Research: Squadron Leader 
 Salman Aleem, Pakistan Air Force—Outstanding Thesis: Analysis of Shiphandlers' Eye-Gaze and Simu 
 lation Data for Improvements in COVE-ITS System
• Military Operations Research Society Stephen A. Tisdale Graduate Research Award: Squadron Leader 
 Salman Aleem, Pakistan Air Force; and Major Manuel Loewer, German Army—Outstanding Thesis: An 
 Analysis of Factors That Influence Logistics, Operational Availability, and Flight Hour Supply of the 
 German Attack Helicopter Fleet
• The Gary Lauehlin Patriot Award: Lieutenant Commander Christopher Joseph Ryan McCook, USN
• AFCEA John McReynolds Wozencraft Award for Academic Excellence in Joint C41: Captain Carl P. 
 Beierl, USMC—Outstanding Thesis: Unmanned Tactical Autonomous Control and Collaboration 
 Situation Awareness (co-authors listed on the following page)
• Joint Chiefs of Staff Command, Control and Communications Award for Academic Achievement: 
 Captain Carl P. Beierl, USMC
• Commander George L. Phillips Modeling, Virtual Environments, and Simulation Award: Lieutenant 
 Colonel John Wray, USMC
Graduate School of Business and Public Policy (GSBPP)
• Naval Supply Systems Command Award for Academic Excellence in the Graduate School of Business and 
 Public Policy: Lieutenant Commander Melissa Flynn, USN—Outstanding Thesis: Return on Investment 
 for the United States Navy's Training with Industry Program (co-authors listed on the following page)
• The Army Acquisition Corps Award for Scholastic Achievement: Major Steven Cusack, USA
• CDR Philip A. Murphy-Sweet Memorial Award for Excellence in Acquisition: Lieutenant Commander 
 Isaac Ortman, USN
• The Graduate School of Business and Public Policy Faculty Outstanding International Student Award: 
 Lieutenant Colonel Muhammad Sadiq Malik, Pakistani Army—Outstanding Thesis: Financial Statement 
 Analysis, Internal Controls, and Audit Readiness: Best Practices for Pakistan Army Financial 
 Management Officers
• Department of the Navy Award for Academic Excellence in Financial Management: Lieutenant 
 Commander Jamis Marjae Seals, USN
• Rear Admiral Donald R. Eaton Logistics Award for Outstanding: Achievement: Lieutenant Dannie 
 Stimson, USN
• Conrad Scholar Award for Distinguished Academic Achievement in Financial Management: Lieutenant 
 Commander Jason Baumann, USN; Lieutenant Ralph Leon Lary, USN; Lieutenant Commander Paul A. 
  Llano, USN; and Lieutenant Commander Patrick M. Veith, USN
• Rear Admiral Thomas R. McClellan Award for Academic Excellence in the Graduate School of Business 
 and Public Policy: Lieutenant Commander Jason Baumann, USN—Outstanding Thesis: Analysis of Navy 
xvii
 Hornet Squadron Mishap Costs with Regard to Previously Flown Flight Hours
Graduate School of Engineering and Applied Sciences (GSEAS)
• AFCEA John McReynolds Wozencraft Electrical and Computer Engineering Academic Honor Award: 
 Ensign Allison Hunt, USN
• Space and Naval Warfare Systems Command Award in Electronic Systems Engineering: Ensign Connor 
 Westrick, USN
• Naval Sea Systems Command Award for Excellence in Combat Systems: Lieutenant Commander Tabitha 
 Booth-Seay, USN
• Johns Hopkins Applied Physics Laboratory Award for Excellence in Applied Physics Research: Lieutenant 
 Chester Hewitt, USN
• Space Systems Operations Award for Academic Excellence: Captain Anthony Brich, USMC
• Meyer Award for Outstanding Student in Systems Engineering (Distance Learning): Mr. Daniel Cobb
• Oceanographer of the Navy Award for Outstanding Academic Performance in Meteorology and Ocean- 
 ography: Lieutenant Commander Cassandra Sisti, USN
• 2017 Warren Randolph Church Award for Excellence in Mathematics Jr. Member Scholarship Committee: 
 Lieutenant Nicholas Sharpe, USCG
Graduate School of Operational and Information Sciences (GSOIS)
• Chief of Naval Operations Award for Excellence in Operations Research: Captain Ezra W. Akin, USMC
• Rear Admiral Grace Murray Hopper Computer Science Award: Captain Micah P. Akin, USMC—Out- 
 standing Thesis: Secure Infrastructure-less Network (SINET)
• The Gary Kildall Award for Computing Innovation: Captain Taylor H. Paul, USMC—Outstanding The- 
 sis: Deep Learning for Media Analysis in Defense Scenarios: An Evaluation of an Open-Source Frame- 
 work for Object Detection in Intelligence-Related Image Sets
School of International Graduate Studies (SIGS)
• The International Student Award for Excellence in Regional or Security Studies: Lieutenant Colonel Ste- 
 fan Klein, German Army
• The Louis D. Liskin Award for Excellence in Regional Security Studies: Lieutenant Sean J. Jin, USN; and 
 Lieutenant Commander Jacqueline-Marie W. Kasatkin, USN
• Foreign Area Officer Association Award for Excellence in International Affairs: Major Adam W. Drexler, 
 USMC
Outstanding Thesis Recognition
• Commander David A. Backer, USN: Novel Paradigm Supercapacitors V: Significance of Organic Polar Solvents and 
 Salt Identities
• Captain Carl P. Beierl, USMC; and Captain Devon R. Tschirley, USMC: Unmanned Tactical Autonomous 
 Control and Collaboration Situation Awareness
• Lieutenant David P. Bundy, USN: Civilian Control and Military Effectiveness: Defense Reforms in Argentina and 
 Chile
• Major Cole M. Clements, USMC: Downstream on the Mekong: Contrasting Cambodian and Vietnamese Responses 
 to Chinese Water Control
• Captain Elle M. Ekman, USMC: Simulating Sustainment for an Unmanned Logistics System Concept of Operation in 
 Support of Distributed Operations
• Major Tanner N. Fleck, USA; and Major Jonathan G. Wissler, USA: Economic Preparation of the Environ- 
 ment: A Selective Empirical Analysis of Chinese Investment in the Philippines
• Lieutenant Commander Melissa S. Flynn, USN; and Lieutenant Amphay Souksavatdy, USN: Return on 
 Investment for the United States Navy's Training with Industry Program
• Ensign Jacob D. Glesmann, USN: Neutron Protection Factor Determination and Validation for a Vehicle Surrogate 
  using a Californium Fission Source
• Major John F. Gibson, USMC: Marine Light Attack Helicopter Close Air Support Trainer for Situation Awareness
• Major Felix Guerra, USMC: A Holistic Strateg y? Examining How Armed Drone Strikes Interact with Other 
xviii
 Elements of National Power
• Captain Katherine H. Guthrie, USMC: Implementing and Bounding a Cascade Heuristic for Large-Scale Optimiza- 
 tion
• Captain Pierce C. Guthrie, USMC: Modeling Environmental Impacts on Cognitive Performance for Artificially Intel- 
 ligent Entities
• Captain Kathleen M. Haggard, USMC: Air Support Control Officer Individual Position Training Simulation
• Major Carolyne M. Mutisya, Kenya Defence Forces: Conflict in Time, Petrified in Space: Kenya-Somalia Border 
 Geopolitical Conflicts
• Lieutenant Brent H. Oglesby, USN: Extended Stay: Factors Contributing to Success or Failure When African Presi- 
 dents Attempt to Amend Constitutions to Hold On to Power
• Lieutenant Colonel Silvio Pueschel, German Army: Optimization of an Advanced Multi-Junction Solar-Cell De- 
 sign for Space Environments (AM0) using Nearly Orthogonal Latin Hypercubes
• Ensign Mark C. Schnabel, United States Navy: Pressure Distribution and Performance Impacts of Aerospike Noz- 
 zles on Rotating Detonation Engines
• Captain Michael D. Wilcox, USMC; and Captain Cody D. Chenoweth, USMC: Unmanned Tactical Autono- 
 mous Control and Collaboration (UTAC) Immediate Actions
• Lieutenant Joshua N. Williams, USN: Automated Control of a solar Microgrid-Powered Air Compressor for Use in a 
 Small-Scale Compressed Air Energ y Storage System







EXPERIMENTAL EVALUATION METHODOLOGY FOR SPACECRAFT 
PROXIMITY MANEUVERS IN A DYNAMIC ENVIRONMENT
Richard Zappulla– –Civilian, Department of the Air Force
Doctor of Philosophy in Astronautical Engineering
Advisor: Marcello Romano, Department of Mechanical and Aerospace Engineering
In an effort to pursue advanced space missions, improved onboard trajectory optimization and path-planning 
capabilities are necessary. Regardless of the mission, the paramount requirement for any candidate guidance-
and-control method is the ability to react in real time to a dynamic environment, followed by fuel efficiency. 
Ground-based kinodynamic test beds are critical in developing, testing, and verifying these requirements. The 
NPS POSEIDYN test bed is introduced here as a state-of-the-art (SOTA) dynamic, hardware-in-the-loop test 
bed. Key improvements to the software architecture, enabling the development of multi-rate guidance, navi-
gation, and control (GNC) algorithms, are presented in addition to a detailed system characterization. To aid 
in the experimental evaluation of GNC algorithms, a Standard Test Framework is proposed in addition to a 
new guidance comparison metric previously missing in the literature, which simultaneously captures the com-
putational complexity and algorithm performance. Guidance and control methods representing the SOTA 
are experimentally evaluated and compared against a proposed rapidly exploring random tree-based guidance 
method using the proposed test framework and the comparison metric. Full Text
Keywords: guidance, control, GNC, real-time guidance and control, hardware-in-the-loop, dynamic simula-
tor, pulse-width modulation, sigma-delta modulation, standard test framework, guidance comparison method-
ology, guidance comparison metric, dynamic environment, guidance and control trade space
FEASIBILITY STUDY OF AN AERIAL MANIPULATOR 
INTERACTING WITH A VERTICAL WALL
Bruno Tavora– Major, Brazilian Air Force
Doctor of Philosophy in Electrical Engineering
Advisor: Xiaoping Yun, Department of Electrical and Computer Engineering
Modeling and control of aerial manipulators are presented in this study. An aerial manipulator is an unmanned 
aerial vehicle equipped with a robotic arm. Aerial manipulators have potential for many applications, such as 
rescue operations along tall buildings and high cliffs, maintenance and repairing of power line equipment, and 
retrieval of items from difficult-to-access locations. Control of aerial manipulators is a challenging problem 
due to dynamic interactions between aerial vehicles and robotic arms. Additionally, when an aerial manipula-
tor operates near or on a vertical surface, such as a wall, there is the near-wall effect, which is the aerodynamic 
disturbance caused by the proximity of the flying vehicle to a wall. One of the objectives of this dissertation 
is to study the near-wall effect and develop controllers that are able to mitigate this disturbance when they 
are flying close to a wall. Another objective is to develop a controller to allow an aerial manipulator to fly in 
close proximity to a vertical surface and perform manipulation tasks by interacting with the surface to achieve 
the desired interaction forces and torques. Nonlinear models of generic aerial manipulators, as well as of a 
prototype aerial manipulator composed of a hexacopter with a three-joint robotic arm, are established. The 
near-wall effect is characterized by laboratory flight experiments. A free-flight controller incorporating the 
near-wall effect is proposed to compensate for the near-wall disturbance. An equilibrium-based force/torque 
4
DOCTOR OF PHILOSOPHY
controller is developed for executing tasks that require the aerial manipulator to exert forces and torques on 
a wall. The simulation and experimental results validated the performance of the controllers with successful 
near-wall flying while applying a specified amount of forces and torques on an object fixed on a wall. Full Text
Keywords: unmanned aerial vehicle, UAV, multicopter, hexacopter, aerial manipulator, robotic arm, robotic 
manipulator, near-wall effect, kinematics, dynamics, nonlinear control
IMPROVED UUV POSITIONING USING ACOUSTIC COMMUNICATIONS AND 
A POTENTIAL FOR REAL-TIME NETWORKING AND COLLABORATION
Renato Peres Vio––Lieutenant Commander, Brazilian Navy
Doctor of Philosophy in Engineering Acoustics
Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
Co-Advisor: Kevin Smith, Department of Physics
Due to the lack of underwater navigation aids, a system capable of helping a submersible vehicle maintain 
position accuracy, permitting it to stay underwater for longer periods, is extremely desirable. The accuracy and 
reliability of the state-of-the-art techniques are compromised in multipath environments. In this dissertation, 
environments where multipath represents a problem are explored. A more accurate estimate for underwater 
distances by using acoustic modems and an acoustic ray tracing code to model the environment is proposed 
for real-time applications. To be able to establish the submersible vehicle’s position, a tracking algorithm rely-
ing on Kalman filtering (KF) techniques was developed to fuse all available data. The lack of directional in-
formation from the acoustic modems employed produced nonlinearities that were treated using the extended 
Kalman filter (EKF) and the unscented Kalman filter (UKF). The developed algorithms were initially tested 
using synthetic data, and the results showed the importance of a smoothing algorithm to produce realistic 
trajectories. This analysis also suggested that faster convergence and better behavior in the presence of noise 
was achieved by the UKF approach. Real data collected during sea trials confirmed the robustness of the UKF 
which, despite few and inconsistent measurements, was able to provide reliable submersible vehicle position-
ing. Better tracking results were also achieved when underwater distances were estimated by modelling the 
environment. Full Text
Keywords: underwater navigation systems, acoustic modems, extended and unscented Kalman filter, acoustic 
ray tracing
QUANTIFYING RISK FOR DECENTRALIZED OFFENSIVE CYBER OPERATIONS
Michael Klipstein– Major, United States Army
Doctor of Philosophy in Information Sciences
Advisor: Dan Boger, Department of Information Sciences
Computer networks and the amount of information stored within government computer networks have be-
come ubiquitous. With the possible decentralization of authorities to conduct offensive cyber operations, 
leaders and their respective staffs of organizations below the national level cannot adequately assess risks and 
consequences of these operations due to the lack of exposure, experience, and education. Compounding this 
problem are the heuristics and biases used in decision making when the requisite expertise is absent. This 
lack of understanding of risks and potentially faulty decision making presents a gap in command and control 
structures. This research explores the question: How effective is a simulation framework incorporating both 
subject matter expertise and assessments of uncertainty at overcoming the inexperience of decision makers 
in assessing risk and subsequent decision making within new operations? This research effort expands multi-
criteria decision-making theory by accounting for and incorporating both the expertise and uncertainty of 
the experts into the framework. This proposed framework was tested at national-level cyber organizations 
and combatant command exercises. The results were then compared to see if the framework could mitigate 
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inexperience. The results are that organizations unfamiliar with cyber operations are able to assess risks at a 
proficiency level equivalent to an experienced organization. Full Text
Keywords: risk, cyber risk, cyber operations, offensive cyber operations, decentralization
THE MANAGEMENT OF NEW IDEAS: AN ENTREPRENEUR’S PERSPECTIVE
Carrick Longley––Major, United States Marine Corps
Doctor of Philosophy in Information Sciences
Advisor: Nancy Roberts, Department of Defense Analysis
Entrepreneurship and innovation are complex processes. This study provides a unique, bottom-up perspec-
tive of innovation and entrepreneurship in a large, public sector organization—the DoD. The study describes 
the experiences of an entrepreneur and his team in trying to move a new idea from its initiation to its imple-
mentation within a large, change-resistant organization. The analysis probed two case study observations: 1) 
the entrepreneur and his team managed the idea’s core identity and kept it constant throughout, and 2) the 
entrepreneur and his team managed the stakeholder acceptance by varying the narratives used to describe 
and gain acceptance of the idea as it was moved through the innovation process. The text analysis procedures 
employed in the quantitative analysis provide empirical support to the case observations about the communi-
cation of the idea over time. In addition to the two propositions generated in the study, this research explores 
the management of new ideas at a micro, rather than aggregate, level and challenges the prevailing view of idea 
management in the innovation literature. Finally, the study’s exploration of the intersection and dynamics of 
innovation and entrepreneurship provides a framework for future research on innovation and entrepreneur-
ship. Full Text
Keywords: innovation, innovation process, entrepreneurship, new ideas, management of innovation, network 
theory, social networks, relationalism, semantic network analysis, topic modeling, lexical analysis, case study, 
Department of Defense, DoD
AN IMPLICIT MODEL DEVELOPMENT PROCESS FOR BOUNDING 
EXTERNAL, SEEMINGLY INTANGIBLE/NON-QUANTIFIABLE FACTORS
Thomas Pugsley––Lieutenant Colonel, United States Army
Doctor of Philosophy in Modeling, Virtual Environments and Simulation
Advisor: Eugene Paulo, Department of Systems Engineering
This research expands the modeling and simulation (M&S) body of knowledge through the development of an 
Implicit Model Development Process (IMDP). When augmented to traditional Model Development Processes 
(MDP), the IMDP enables the development of models that can address a broader array of effects than previ-
ously possible, giving users the flexibility to explore hard-to-model factors like space and cyber while gaining 
insight into their potential impacts on operational effectiveness. Specifically, the IMDP provides a formal-
ized methodology for developing an improved model definition, where a broader, more holistic approach of 
defining a model’s referent is achieved. Next, the IMDP codifies the process for implementing the improved 
model definition within the operational model. This work serves as a proof of concept for the development 
of operational models that can account for and quantify External, Seemingly Intangible/Non-Quantifiable 
(ESINQ) factors and effects, and provides M&S users a new tool for addressing ESINQ and other soft factors 
that do not fit well into traditional MDPs. Finally, through the application of ESINQ-enabled meta-models, 
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this work demonstrates how the improved understanding generated by the IMDP can be used to improve a 
set of operational and acquisitions decision support tools. Full Text
Keywords: model based systems engineering, systems analysis, modeling and simulation, system architecture, 






OPPORTUNITIES JUST BENEATH THE SURFACE: PARTICIPATORY 
AND DELIBERATIVE PROCESSES IN RWANDA
Jacob Aldean– Major, United States Marine Corps
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Jessica Piombo, Department of National Security Affairs
Second Reader: Rachel Sigman, Department of National Security Affairs
In a political system with overall weak contestation, is participation capable of improving accountability? If so, 
how? Accountability is a combination of answerability and enforcement, and may be viewed as vertical from 
the citizenry or horizontal from adjacent government institutions. Through the socializing and deliberative 
participatory processes of informing, consulting with, involving, collaborating with, and empowering, hori-
zontal accountability and, potentially, vertical accountability may be enhanced, even in authoritarian regimes. 
The government of Rwanda presents a unique opportunity to demonstrate this since it appears to possess 
strong participatory institutions, yet it still has a limited level of contestation. This study of the Rwandan gov-
ernment system uncovers several potential examples of improving accountability achieved through various 
forms of participation, and builds a model for further study on the topic. Full Text
Keywords: Rwanda, accountability, democracy, vertical accountability, horizontal accountability, imihigo, 
ubudehe, gacaca, participation, contestation, answerability, enforcement, socializing, deliberative democracy, 
participatory democracy, empower
SAUDI ARABIA’S COUNTERTERRORISM METHODS: A 
CASE STUDY ON HOMELAND SECURITY
Majed Bin Madhian––Major, Saudi Arabia National Guard
Master of Arts in Security Studies (Strategic Studies)
Advisor: James Russell, Department of National Security Affairs
Co-Advisor: Scott Jasper, Center for Civil-Military Relations
This thesis is a case study on counterterrorism methods. Specifically, it examines Saudi Arabia’s multidi-
mensional counterterrorism measures to combat the Islamic State’s aggressions and threats. After deriving a 
theoretical framework based on counterterrorism measures developed from a review of scholarly literature, 
the thesis presents three questions. By comparing examples from the case study to the hypotheses, the thesis 
finds that Saudi Arabia effectively implements a multidimensional approach consisting of legal, financial, and 
informational methods to respond to the Islamic State’s threats. In addition to enacting stricter criminal laws 
and enforcement of those laws to safeguard the homeland and its borders, Saudi Arabia has enacted laws 
that impose stiff penalties aimed at money laundering and other illicit activities that fund terrorist activity. 
Finally, the Kingdom has implemented stringent cybersecurity measures not only to prevent hacking of Saudi 
cyberspace by terrorists, but also to monitor the Islamic State’s communications. Beyond these conventional 
and punitive measures, Saudi Arabia has implemented successful soft measures, including an innovative reha-
bilitation program. Based upon these findings, the study recommends Saudi Arabia expand its countermea-
sures by placing economic sanctions on the Islamic State and its supporters. Further recommendations direct 
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policymakers to consider military intervention and regime change in Syria, and to destroy the Islamic State’s 
infrastructure. Full Text
Keywords: Saudi Arabia, counterterrorism, rehabilitation center, soft power, Islamic State
PROBLEM SOLVING IN HOMELAND SECURITY AND CREATING 
POLICY CONDITIONS FOR ENHANCED CIVIC ENGAGEMENT: 
AN EXAMINATION OF CROWDSOURCING MODELS
Raymond Bisogno––Senior Policy Advisor, Office of the Deputy Super-
intendent of Homeland Security, New Jersey State Police
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Carolyn Halladay, Center for Civil-Military Relations
Co-Advisor: Glen Woodbury, Department of National Security Affairs
This thesis examines crowdsourcing experiments and engagement models, the leveraging of technology in 
these pursuits, and their potential utility for solving problems in the homeland security enterprise. Rather than 
identifying a gap or seeking to fix something that is broken, the research evaluates the potential benefits of 
employing crowdsourcing models in homeland security and its related disciplines. It uses appreciative inquiry 
to evaluate how existing successful models might open new pathways between government and citizens for 
the generation of knowledge, the exchange of information, or for innovation in approaches to problem solv-
ing. This thesis advances the hypothesis that, within the body of crowdsourcing and engagement models, a 
combination of ideas, examples, approaches, and successes exists that demonstrates potential utility for the 
homeland security field. The research findings exhibited this potential, manifesting in new partnerships and 
the creation of new knowledge. Participants, aided only by personal technology, self-organized some initia-
tives; in other cases, participants simply needed a platform to enable their motivation to contribute. These 
platforms for engagement and pathways to them were a consistent part of the narrative across the literature. 
Contributions by the non-professional was also a consistent theme, as was a need for a balanced approach that 
provides a safe framework within which to operate. Full Text
Keywords: crowdsourcing, civic engagement, pathways, platforms, problem solving
CIVILIAN CONTROL AND MILITARY EFFECTIVENESS: 
DEFENSE REFORMS IN ARGENTINA AND CHILE
This paper has been recognized as outstanding by its department
David Bundy––Lieutenant, United States Navy
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Diego Esparza, Department of National Security Affairs
Second Reader: Christopher Darnton, Department of National Security Affairs
This thesis analyzes the impact that reforms in civil-military relations can have on a military’s effectiveness. 
Specifically, why did reforms undermine military effectiveness in Argentina but not in Chile? To answer this 
question, this thesis looks at both countries since democratization and parses out both the civil-military re-
forms carried out as well as changes in effectiveness in an attempt to find linkages between the two. To allow 
for trend analysis, each country is broken into three discrete blocks of time and analyzed across three inde-
pendent variables—decisions not made, resources, and resource allocation—in an attempt to determine their 
impact on the dependent variable: military effectiveness. The two case studies show that while resources and 
resource allocation are important, their relative importance is unclear since they trended together. The impact 
of decisions that were not made was inconclusive. As both countries focused on gaining civilian control yet 
ended in very different positions, this thesis demonstrates the need for the United States to pursue unique 
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policies for each country with which it interacts, based on the needs, desires, and capacities that it possesses. 
Full Text
Keywords: civil-military relations, Argentina, Chile, military effectiveness, democratic civilian control, de-
fense reforms
EXPLAINING CHINA’S EVOLVING POLICY ON UN PEACEKEEPING
Jeremy Carroll– Major, United States Marine Corps
Master of Arts in Security Studies (Far East, Southeast Asia, The Pacific)
Advisor: Michael Glosny, Department of National Security Affairs
Second Reader: Naazneen Barma, Department of National Security Affairs
This thesis aims to illuminate the factors that have contributed to Chinese policy changes regarding UN 
peacekeeping operations. Using Yongjin Zhang’s framework, it identifies four phases of evolution in China’s 
UN peacekeeping participation: opposition, non-interference, cooperation, and participation. The reasons 
for a state’s participation in peacekeeping operations are diverse, ranging from self-interest to altruism. The 
evolution of Chinese support for UN peacekeeping is derived from its self-interested security concerns and its 
self-identity in relation to other states. When China believed its security was threatened, it sought opportuni-
ties to balance the threat by developing ties with international organizations and powers. Subsequently, as 
it has grown into those organizations, China has identified itself as a leader within them. China’s defense of 
Westphalian principles of sovereignty creates the impression that China is in opposition to Western powers in 
their efforts to propose, pass, and execute UN peacekeeping operations. This has led scholars and politicians 
to question the degree of commitment China has to UN peacekeeping principles and institutions. Full Text
Keywords: peacekeeping, China, United Nations, norms
JAPAN’S SHIFT TO A PROACTIVE DEFENSE ARCHITECTURE: CHALLENGES 
FACED BY INDUSTRY, GOVERNMENT, AND SOCIETY
Hoyoon Chung– Captain, United States Air Force
Master of Arts in Security Studies (Far East, Southeast Asia, The Pacific)
Advisor: Robert Weiner, Department of National Security Affairs
Second Reader: James Moltz, Department of National Security Affairs
As a result of the changing security environment in the Asia-Pacific, Japan is shifting to a more proactive 
defense policy, as outlined in the National Defense Program Guidelines (NDPG). This thesis investigates the 
challenges faced by Japan’s industry, government, and society in meeting the NDPG objectives. To do this, 
this thesis probes the following problem areas: difficulties with indigenous production of weapons systems, 
inability to procure and market advanced technologies, inefficient management and policies on the part of 
bureaucracy, budget shortfalls, industries’ ideological opposition, geopolitical risks, antimilitaristic roots of 
pacifism, and personnel/operational readiness of the Japanese Self-Defense Force. Japan’s government man-
ages one of the most efficient democracies in the world and its Self-Defense Force is an advanced professional 
organization. Despite these strengths, this thesis finds that these problems and obstacles will delay—but not 
prevent—Japan’s ability to achieve the NDPG objectives. Based on the findings, this thesis concludes that 
the following strategies will give Japan the best chance to work around the obstacles: strengthening the U.S.-
Japan alliance, marketing technologies in which Japan has a comparative advantage, and applying bureaucratic 
reforms that improve collaboration with outside agencies. Full Text
Keywords: National Defense Program Guidelines, NDPG, Japan’s industry, Japan’s government, Japan’s soci-
ety, indigenous production, weapon systems, advanced technologies, Japan’s bureaucracy, Japan’s budget, geo-
political risk, pacifism, Japanese Self-Defense Force, JSDF, Japan’s comparative advantage, U.S.-Japan alliance
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DOWNSTREAM ON THE MEKONG: CONTRASTING CAMBODIAN AND 
VIETNAMESE RESPONSES TO CHINESE WATER CONTROL
This paper has been recognized as outstanding by its department
Cole Clements––Major, United States Marine Corps
Master of Arts in Security Studies (Far East, Southeast Asia, The Pacific)
Advisor: Naazneen Barma, Department of National Security Affairs
Co-Advisor: Michael Malley, Department of National Security Affairs
Decreasing supplies of fresh water, growth of the global population, and the transnational nature of much 
of the world’s water resources have made global competition over water increasingly common. In Southeast 
Asia, Chinese hydroelectric dams at the Lancang Cascade have enabled China to control the headwaters of the 
Mekong River and threaten downstream states’ access to this vital resource. Cambodia and Vietnam are two 
Southeast Asian states whose economic prosperity is inextricably linked to undisturbed access to the Mekong. 
Despite similar requirements for river usage, the two states have responded to Chinese control in surprisingly 
different ways. This thesis investigates the different Vietnamese and Cambodian responses to China’s Mekong 
River development by analyzing their requirements for the Mekong River and contrasting each state’s rela-
tionship with China. The thesis finds that Cambodia has developed a strategy of appeasement toward China, 
placing its short-term interests in Chinese economic assistance ahead of its long-term requirements for ripar-
ian productivity, while Vietnam has balanced against the superpower, demonstrating the resolve to protect its 
riparian interests. Similarly, the two states both use institutions to offset the superpower’s significant size and 
power advantages, providing them an alternative path to shape China’s actions. Full Text
Keywords: China, Cambodia, Vietnam, Mekong, water security, hydroelectric dams, Lancang Cascade, Me-
kong River Commission, institutions
CHECHEN FEMALE SUICIDE TERRORISM
Zane Crawford– Major, United States Marine Corps
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Tristan Mabry, Department of National Security Affairs
Second Reader: Thomas Johnson, Department of National Security Affairs
The protracted conflict between Chechnya and Russia ultimately led ethnic Chechen separatists to ally with 
Islamic jihadists at the turn of the 20th century. This thesis focuses on one product of this alliance: the emer-
gence of female suicide terrorism (FST) in the First (1994–1996) and Second (1999–2009) Chechen Wars. Pre-
viously, the use of FST as a tactic had been confined to secular groups. In this thesis, factors that precipitated 
the rise of FST in Chechnya are explored. Despite the eventual alliance of Chechen separatists with Islamists, 
this thesis finds the factors that specifically apply to female suicide terrorism to be primarily secular. By iden-
tifying contributing factors in the Chechen case, this research provides a framework to identify conflicts in 
which a popular movement’s tactics may escalate to terrorism and the employment of FST. Full Text
Keywords: Chechnya, Russia, female suicide terrorism, FST
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COMBATING DRUG TRAFFICKING: VARIATION IN THE UNITED STATES’ 
MILITARY COOPERATION WITH COLOMBIA AND MEXICO
Brian Curry––Lieutenant, United States Navy
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Diego Esparza, Department of National Security Affairs
Second Reader: Thomas Bruneau, Department of National Security Affairs
The U.S. military cooperates more with the Colombian military than the Mexican military in combating drug 
trafficking in the Western Hemisphere. This thesis analyzes the international relations theories of liberalism, 
realism, and constructivism to help explain why. Historical relationships matter in cooperation. Mexican and 
U.S. military units waged war to defend and take territory from one another. Mexico passed a constitution 
banning a garrison of foreign military units within Mexico, leading to low cooperation. The Colombian and 
U.S. militaries defended the Panama Canal during World War II to keep the shipping lanes open, and Co-
lombia allows a garrison of U.S. military personnel in Colombia, leading to greater cooperation. Realism best 
explains reasons for when and why these two countries cooperate with the United States. Cooperation exists 
when there are shared external security concerns by the two countries. Cooperation exists when the internal 
instability of one country creates a reliance on another country. Cooperation remains low when there is no 
common external security threat, when one state perceives the other as a threat, or when a country can control 
internal stability on its own. Further cooperation with Mexico will depend on U.S. military leaders’ leaders’ 
willingness to empathize with Mexicans about past U.S. military interventions. Further cooperation with 
Colombia will require continued military-to-military relationships to form, followed by agreements to solidify 
those relationships. Full Text
Keywords: Colombia, Mexico, Western Hemisphere, drug trafficking, TOC, military, security, realism, liberal-
ism, constructivism, international relations, border, sovereignty, defense, FARC
THE UZBEKISTAN-KYRGYZSTAN BORDER: INSTITUTIONAL 
LEGITIMACY AND REGIONAL STABILITY
Adam Drexler––Major, United States Marine Corps
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Rodrigo Nieto-Gomez, Department of National Security Affairs
Co-Advisor: David Yost, Department of National Security Affairs
Examining the political and social consequences of coercive border enforcement, this thesis hypothesizes 
that unilateral border hardening erodes institutional legitimacy and undermines regional stability. Relying on 
a case study of the Uzbekistan-Kyrgyzstan border in Central Asia’s Ferghana Valley, the thesis finds that bor-
der hardening is likely to change local perceptions of the border, diminish its overall institutional legitimacy, 
and weaken regional stability. Border institutions depend on a mixture of willing obedience and coercion by 
the state to obtain social compliance. Coercive and illegitimate means of border enforcement may have un-
intended consequences, undermining perceptions of legitimacy and leading to a logic of escalation of border 
hardening measures. This may in turn necessitate increasing levels of coercive border enforcement in order to 
achieve social compliance. Perceptions of border legitimacy influence the extent to which individuals volun-
tarily comply with border rules. Methods of border hardening are nearly always regarded as illegitimate and 
coercive when they adversely affect the local population. Policy-makers and military leaders must move be-
yond simple assumptions about borders as barriers in order to balance short- and long-term factors of security, 
strengthen a border’s institutional legitimacy, and promote regional stability. Full Text
Keywords: borders, border security, border studies, legitimacy, authority, perceptions, globalization, regional 
stability, global context, border hardening, security, border studies, geopolitics, institutions, behavioral sci-
ence, Ferghana Valley, Uzbekistan, Kyrgyzstan, conflict, foreign aid
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LESSONS LEARNED: A COMPARATIVE STUDY OF THE INTEGRATION 
EXPERIENCES OF ARMENIAN AND PALESTINIAN REFUGEES IN LEBANON
Pascal Ghobeira– Captain, Lebanese Army
Master of Arts in Security Studies (Combating Terrorism: Policy & Strategy)
Advisor: Carolyn Halladay, Center for Civil-Military Relations
Co-Advisor: Cristiana Matei, Center for Civil-Military Relations
This thesis analyzes the factors contributing to the differing degrees of integration achieved by the Armenian 
and Palestinian refugees in Lebanon. The two case studies presented include a historical overview of these ref-
ugees in Lebanon, the international response to the refugee crisis, the legal status of the discussed refugees in 
Lebanon, and the evolution of refugee identity. The analysis of the case studies uses the conceptual framework 
of Alastair Ager and Alison Strang, who wrote “Understanding Integration,” which appeared in the June 2008 
Journal of Refugee Studies. The thesis also reviews the available literature written from a Western perspective, 
which rarely considers the role of religion in the integration process of refugees. In the Lebanese dilemma, 
where demographic balance is a major factor in domestic stability, religious affiliation emerges as a main influ-
ence in the contrasting treatment of Armenian and Palestinian refugees. With the continued conflict in Syria, 
Lebanon and other countries face similar challenges in addressing the refugee crisis. Thus, successful integra-
tion methods must include not only policies that address the humanitarian side of refugee flows but also the 
burden on host communities. Based on the case studies, the thesis concludes with recommendations for suc-
cessfully integrating Syrian refugees in Lebanon, and policies that other host countries could adapt. Full Text
Keywords: Lebanon, refugees, Armenian, Palestinian, Syrian, integration, assimilation
A HOLISTIC STRATEGY? EXAMINING HOW ARMED DRONE STRIKES 
INTERACT WITH OTHER ELEMENTS OF NATIONAL POWER
This paper has been recognized as outstanding by its department
Felix Guerra III– Major, United States Marine Corps
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: James Russell, Department of National Security Affairs
Second Reader: Mohammed Hafez, Department of National Security Affairs
Armed drones, technically known as MQ-1B Predators and MQ-9 Reapers, have become a preferred tool in 
U.S. counterterrorism operations. The use of armed drones in counterterrorism strategy, however, has spurred 
worldwide debate over the morality, legality, accountability, and effectiveness of the campaigns. Despite the 
concerns and debates about the armed drone programs, the armed drone campaigns will likely not only con-
tinue but also expand in the future. The purpose of this thesis is to explain how the application of armed drone 
strikes in fragile states has interacted with other elements of national power to achieve the objectives defined 
in the United States’ counterterrorism strategy. The research examines what the United States conducted in 
fragile states in terms of diplomatic, information, military—other than drone strikes—and economic instru-
ments of national power to achieve the objectives outlined in the United States’ national strategies. Using 
Yemen and Somalia as case studies, this thesis shows that armed drones do interact positively with other ele-
ments of national power, but the employment of all instruments falls short of meeting the U.S. objectives for 
the countries. Incidentally, the failures do not result from the use of armed drones but from a misuse in some 
of the other instruments of national power. Full Text
Keywords: armed drones, instruments of national power, strategy, Obama Administration, al-Qaeda, counter-
terrorism, Yemen, Somalia, Department of Defense, Department of State, Broadcasting Board of Governors, 
Center for Strategic Counterterrorism Communication
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SOWING THE SEEDS OF CIVIL WAR: REGIME DESTABILIZATION AND 
THE ADOPTION OF NEOLIBERAL ECONOMIC POLICIES IN SYRIA
Kelli Guffey– Lieutenant, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Anshu Chatterjee, Department of National Security Affairs
Co-Advisor: Robert Looney, Department of National Security Affairs
Syria’s devolution into civil war over the last five years has left that country devastated. The conditions there 
raise several questions about the causes of pronounced socioeconomic stratification between the political elite 
and the average citizen, which steadily worsened after President Bashar al-Assad came to power in 2000 and 
eventually resulted in a civil war. This thesis asserts that the Assad regime’s implementation of a wide range 
of liberal economic reforms, under the guidance of the IMF, ultimately contributed to instability in three 
main ways. First, these reforms disproportionately harmed the agricultural sector that employed the major-
ity of Syrians. Second, these reforms cut social services in the overcrowded cities that were stretched thin by 
the influx of Iraqi refugees after the U.S. invasion in 2003, which also saw an increased migration from the 
agricultural areas when a severe drought hit the agriculture areas in 2006. Third, these reforms produced 
discordance in the power structure by changing the beneficiaries from the old Ba’athist guard to new Alawite 
crony-capitalists, which resulted in seething resentments. This research shows that the new elite competition 
along with the authoritarian nature of the regime prevented an appropriate response to the crisis, eventually 
leading to violence. Full Text
Keywords: Syria, IMF, economy, economic policies, neoliberal economics, drought, Bashar al-Assad
UKRAINE: THE LINGERING SOVIET HEADACHE AND 25+ YEARS OF HYBRID RULE
Andrew Hanson– Lieutenant, United States Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Anne Clunan, Department of National Security Affairs
Co-Advisor: Jessica Piombo, Department of National Security Affairs
Ukraine remains far from a robust democracy and qualifies as a consolidated hybrid state. Despite more than 
25 years of government development since independence, Ukraine continues to experience difficulty shed-
ding the legacy of the Soviet era in order to advance to a truly democratic state. This thesis seeks to under-
stand Ukraine’s regime development and why the country experiences difficulty strengthening democratically. 
Drawing on theories of democratic consolidation and the rise of hybrid regimes, this thesis explains how and 
why Ukraine has consolidated into a competitive authoritarian state of government rather than a true democ-
racy. Analyzing six different criteria of regime development, including choices, institutions, elections, account-
ability, civil society, and economics, this thesis determines that while democracy exists on paper, overall, more 
than a quarter century of political development in Ukraine failed to bring robust democratic governance to 
this nation. As a result, Ukraine remains in a hybrid condition with democratic and autocratic elements living 
in constant tension with each other. Thus, the prospects for a strong democracy in Ukraine in the near future 
remain wishful thinking at best, unless Ukraine can find a way to radically break with its past. Full Text




BY LAND, SEA, OR AIR? A COMPARATIVE ANALYSIS 
OF CARTEL SMUGGLING STRATEGIES
Sean Harney– Lieutenant, United States Navy
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Diego Esparza, Department of National Security Affairs
Co-Advisor: Rodrigo Nieto-Gomez, Department of National Security Affairs
Cartels are known for their innovative smuggling techniques, across land, sea, or air, which allow them to 
clandestinely transport drugs across any point of entry into the United States. With this in mind, it is worth 
asking: why do cartels choose a certain drug smuggling technique over another, which domain is more com-
monly used and potentially more successful, and what sorts of structural changes would it take to shift from 
one method or domain to another? When seeking answers, there are several things to take into consideration: 
law enforcement is limited in funding, personnel, and assets, which creates endless smuggling opportunities 
for cartels. Additionally, cartels exploit weak law enforcement and judicial systems, as well as corrupt officials 
in several countries throughout South and Central America and the Caribbean. Even though cartels some-
times fail, their persistence and motivation are what cause them to be successful. The last consideration is 
money, which is the main driving factor that causes cartels to switch from one domain to another, or from one 
method to another. The end result stands firm: cartels benefit most and are more successful using methods in 
the land domain, specifically tunnels. Full Text
Keywords: Navy, Coast Guard, Customs and Border Protection, Drug Enforcement Agency, Transportation 
Security Administration, U.S.-Mexico border, cartels, smuggling, cocaine, law enforcement, drones, tunnels
CHINA–PAKISTAN ECONOMIC CORRIDOR (CPEC): 
CHALLENGES AND THE WAY FORWARD
Muzaffar Hussain– Lieutenant Colonel, Pakistan Army
Master of Arts in Security Studies (Combating Terrorism: Policy & Strategy)
Advisor: Robert Looney, Department of National Security Affairs
Second Reader: Carolyn Halladay, Center for Civil-Military Relations
The China–Pakistan Economic Corridor (CPEC)—the latest venture in a history of bilateral economic coop-
eration, with a $46 billion investment in energy and infrastructure development in Pakistan—is considered a 
game changer for Pakistan’s economy. As a flagship project of China’s One Belt One Road initiative, the cor-
ridor will connect Kashgar in Western China with the port of Gwadar in Pakistan on the Arabian Sea, serving 
as a gateway to the Middle East, Africa, and Central Asia. The CPEC, in addition to boosting Pakistan’s econ-
omy and meeting China’s energy needs and development of its western region, is likely to bring stability in the 
region through economic integration. Nonetheless, a project of such scale certainly faces equally significant 
challenges. This thesis examines obstacles that have the potential to affect the implementation of the project, 
including the unstable situation in Afghanistan, competing interests of immediate neighbors like India and 
Iran, especially India’s suspicions, and U.S. concerns about the initiative. The thesis draws from a wide range 
of scholarly and peer-reviewed literature, academic journals, think-tank reports, and government-sponsored 
studies. Missing from their analysis, though, is the consideration of the regional geopolitical dynamics and 
Pakistan’s domestic challenges, particularly insecurity and violence that can affect the implementation of the 
CPEC project. This thesis seeks to address that gap and provides policy recommendations for Pakistan to deal 
with potential impediments to the implementation of the project. Full Text
Keywords: CPEC, Pakistan, China, India, South Asia, OBOR, corridor, Gwadar, Chabahar, Balochistan, 
Indian Ocean, regional security, economic integration, energy needs, regional geopolitics, terrorism, internal 
stability, political consensus, socioeconomic, connectivity
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THE CYPRIOT-TURKISH CONFLICT AND NATO-EUROPEAN UNION COOPERATION
Alan Janigian––Lieutenant, United States Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: David Yost, Department of National Security Affairs
Co-Advisor: Ryan Gingeras, Department of National Security Affairs
Despite having 22 member states in common, the European Union (EU) and the North Atlantic Treaty Or-
ganization (NATO) have been unable to fully cooperate since 2004. Chief among the causal factors for this 
divide is the persistent conflict between Turkey and Cyprus. NATO requires that every state it shares security 
information with be a member of its Partnership for Peace (PfP) program. Accession to the PfP program 
requires unanimous approval by all NATO states. Turkey has not recognized the Republic of Cyprus since 
1963, however, and has blocked its accession to PfP. Cyprus joined the European Union in 2004. The EU has 
a regulation requiring all member states to be present at security-related meetings. Since Turkey, a NATO ally, 
does not recognize Cyprus, however, a participation problem has resulted. The EU and NATO have not been 
able to fully cooperate since Cyprus joined the EU. This research analyzes the historical roots of the 1974 con-
flict involving Cyprus, Greece, and Turkey, and the current factors that prolong the Cypriot-Turkish stalemate. 
The thesis argues that overcoming the conflict would be beneficial for the island and the region, and would 
allow full NATO-EU cooperation to resume. Full Text
Keywords: Cyprus, Turkey, Greece, NATO, EU, European Union, cooperation
PEACEFUL CONSENSUS: HOW CHINA’S CHANGING GOVERNANCE 
STRUCTURE HAS AFFECTED ITS USE OF MILITARY FORCE
Sean Jin– Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, The Pacific)
Advisor: Michael Glosny, Department of National Security Affairs
Second Reader: Covell Meyskens, Department of National Security Affairs
Since Mao Zedong founded the People’s Republic of China (PRC) in 1949, it has fought in one major war and 
several skirmishes, and has frequently used military force in the form of coercive diplomacy. The pattern of 
China’s use of force, however, has steadily declined over time. At the same time, China’s domestic politics 
have reformed from allowing one person high amounts of consolidated policy-making power to more institu-
tionalized consensus-based governance. Do the changes in domestic political structure have a pacifying effect 
on China’s foreign policy? In other words, is it a cause of China’s declining use of force? Through analyzing 
China’s responses to the Korean War, the three Taiwan Strait Crises (1954-1955, 1958, and 1995-1996), and 
the period of cross-strait relations in 1999-2002, this thesis finds that China’s reactions to similar types of 
threats have become more pacific over time, in part because of its shift to consensus-based governance, but 
that another major explaining factor is China’s increased economic interdependence with the United States. 
The relationship that this thesis describes between China’s domestic political-power consolidation and the ag-
gressiveness of its foreign policy is especially relevant as the current leader of China, Xi Jinping, has more cen-
tralized political power than any PRC leader since Mao. American China watchers and policy makers should 
be cognizant to whether Xi accumulates more power, or shows signs of diverging from the institutionalized 
reforms, as it may have an effect on the PRC’s foreign policy assertiveness. Full Text
Keywords: China, Chinese foreign policy, Chinese domestic politics, Mao Zedong, Jiang Zemin, Deng Xiaop-
ing, Xi Jinping, Chinese Communist Party, military, Taiwan, Taiwan Strait Crisis, cross-strait relations, Korean 
War, economic interdependence, trade
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POLITICAL AUTHORITARIANISM AND ECONOMIC 
SUCCESS IN INDONESIA AND SOUTH KOREA
Marcus Johnson– Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, The Pacific)
Advisor: Naazneen Barma, Department of National Security Affairs
Second Reader: Robert Weiner, Department of National Security Affairs
This thesis researches the features of political authoritarianism that might contribute to economic success. It 
seeks to define authoritarianism and disaggregate its characteristics to better understand the ways in which it 
affects development. This thesis is based on comparative case studies of South Korea’s and Indonesia’s con-
temporary political-economic trajectories. These two countries shared a similar political make-up, yet their 
economic paths and outcomes are quite different. South Korea, under Park Chung-hee, produced a proficient 
economic framework that fostered competent long-term institutions to build a developmental state. The bi-
furcated economic strategy pursued by Suharto was neo-liberal in philosophy, yet it contained nepotism, 
corruption, and cronyist behaviors in practice that produced inefficiency and growth-inhibiting outcomes. 
The prevalence of these factors provides an explanation as to why Indonesia, under Suharto, did not achieve 
the same level of success that Park’s South Korea attained. The thesis concludes by reflecting on key findings 
and implications, offering a way forward on how underdeveloped countries seeking political and economic 
reforms can learn from the mistakes and successes of the two case studies. Full Text
Keywords: developmental state, authoritarianism
VEILED “BOMBSHELLS”: WOMEN’S PARTICIPATION IN 
ISLAMIST EXTREMIST ORGANIZATIONS
Jacqueline-Marie Kasatkin– Lieutenant Commander, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Anne Baylouny, Department of National Security Affairs
Second Reader: Mohammed Hafez, Department of National Security Affairs
Many assume any woman who serves as a terrorist combatant or suicide bomber does so at the behest of a 
male-dominated hierarchy and not of her own volition. However, this overarching notion appears contradic-
tory given the historical participation of women within liberation movements, uprisings, and terrorism. Faced 
with what seems to be a growing trend within violent extremist organizations, states, militaries, policy-makers, 
and academics are confronted with a vital question: are women purely serving as baby factories for future ter-
rorists, as sex slaves, as logistical support, and as sacrificial lambs; or do they have a more active, combatant 
role? In examining the evolving roles of women within Islamist extremist organizations, this thesis concludes 
that women are not merely innocent bystanders coopted and coerced by male-dominated patriarchal Islamist 
organizations. Women are increasingly seeking more combatant and more public roles in these organizations 
and, in so doing, constitute a legitimate threat that must be engaged. Through a review of the prevailing 
literature concerning women’s participation in violence and analysis of the Islamic Resistance Movement, 
al-Qaeda, and the Islamic State, this thesis highlights the crucial and evolving roles that women play within 
violent Islamist organizations. The author concludes that the more nationalistic an organization becomes, 
the greater the role women tend to have within it. As such, should organizations such as al-Qaeda and the 
Islamic State establish a nationalist objective rather than their current global jihadist agenda, female participa-
tion within these organizations may further evolve beyond purely militant roles and into the realm of politics 
and leadership. By highlighting the fact that men do not possess a monopoly on violence, the author informs 
policy-makers and planners of the risks involved in discounting the agency of female participants within these 
organizations. Full Text
Keywords: terrorism, counter-terrorism, extremism, suicide bomber, martyrdom, violent extremist organiza-
tions, VEO, Islamist, Islamist extremist organizations, IEO, Islamic Resistance Movement, HAMAS, al-
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Qaeda, AQ, Islamic State, ISIS, female suicide bombers, female martyrs, female terrorists, female combatants, 
women in violence
AMERICA FIRST? ISOLATIONISM IN U.S. FOREIGN POLICY 
FROM THE 19TH TO THE 21ST CENTURY
Stefan Klein––Lieutenant Colonel, German Army
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Donald Abenheim, Department of National Security Affairs
Second Reader: Carolyn Halladay, Center for Civil-Military Relations
During the 2016 election campaign, President Donald J. Trump championed a policy of intervention and 
isolation in U.S. foreign policy, which aroused fears among European North Atlantic Treaty Organization 
(NATO) allies about U.S. commitments to collective defense. This contentious issue points to a preference 
in certain political circles for an end to U.S. interventionism, which, from a foreign policy perspective, seems 
tantamount to isolationism. This thesis examines isolationism in the experience of statecraft and considers the 
potential implications of this nation’s deeply rooted isolationist tendencies for continued U.S. security com-
mitments to NATO. To trace the evolution of isolationism, this thesis analyzes case studies of U.S. decision-
making prior to entering the First and Second World Wars, U.S. involvement in NATO after the Second World 
War, and resistance within the Senate to large numbers of U.S. troops in Europe in the 1960s and 1970s. The 
analysis includes consideration of congressional partisanship, public opinion, and domestic political issues in 
the shaping of U.S. foreign policy. This thesis concludes that domestic political issues dominate the conduct 
of U.S. foreign policy. The political agenda of the 2016 Trump campaign, as well as the first days of the ad-
ministration, mirrored debates of the past, which should not surprise experts of U.S. political history. Full Text
Keywords: isolationism, neutrality, internationalism, foreign policy, domestic policy, First World War, Second 
World War, Great Debate, Mansfield, NATO, burden sharing
THE POLITICAL ECONOMY OF POST-CONFLICT DEVELOPMENT: A 
COMPARATIVE ASSESSMENT OF BURUNDI AND RWANDA
Stephanie Lastinger––Lieutenant Commander, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Rachel Sigman, Department of National Security Affairs
Co-Advisor: Jessica Piombo, Department of National Security Affairs
This thesis examines the political economy of post-conflict economic recovery in Rwanda and Burundi. These 
two countries, located in the Great Lakes region of East Africa, are commonly referred to as twins. They are 
relatively similar in size; are landlocked; have a similar topography, population density, ethnic composition, 
culture, and language; and share a colonial legacy as well as a tragic history of genocide. Despite the similarities 
shared by these two countries, Rwanda has been more successful in recovering economically from civil war, 
while Burundi has been in a cycle of civil strife mired with poverty. Why has Rwanda been more successful 
than Burundi in post-conflict economic growth and development? This thesis argues that the differences be-
tween Rwanda and Burundi’s transition from conflict to peace, political elite dynamics, and center-periphery 
relationships are key in explaining the divergence in their post-conflict economic outcomes. These insights 
facilitate a better understanding of how politics influence the trajectory of post-conflict economic recovery. 
Full Text
Keywords: post-conflict, economic recovery, economic development, reconstruction, state-building, state-
society, center-periphery, political elites, peace, conflict, Rwanda, Burundi
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NET ASSESSMENT: CREATING AN INSTITUTIONAL CAPACITY 
AND GENERAL PROCESS TO PERFORM IT
Humberto Enrique Lopez Arellano– Capitan de Corbeta C.G., Mexican Navy
Master of Arts in Security Studies (Combating Terrorism: Policy & Strategy)
Advisor: Rodrigo Nieto-Gomez, Department of National Security Affairs
Co-Advisor: Diego Esparza, Department of National Security Affairs
Net assessment is the epistemological and holistic comparison between two or more systems of interest to 
determine their net differences and identify the risk and opportunity factors that allow the interested parties 
to take advantage of their own capacities. This research shows, however, that there is no established frame-
work to create an institutional capacity to perform net assessment, or even a step-by-step explanation of how 
to perform it. The author establishes a theoretical framework to create an institutional capacity that generates 
understandable strategic knowledge by comparing internal systems with those of an external agent relevant 
to national security, and proposes a method to create an institutional capacity to perform net assessment. In 
six steps, he defines how this capability has to be created at the individual, organizational, and environmental 
levels, and reviews the previous assessments that must be made to establish a solid starting point. He also sug-
gests twelve aspects that must be considered to develop net assessment products. Finally, he proposes three 
different schemes for integrating net assessment capacity into government organizations, public institutions, 
and private companies. Full Text
Keywords: net assessment, strategy, strategic planning, national security, defense, building capacity, decision 
making, high executives, forecasting, foresight, Office of Net Assessment
STRATEGIC COMMUNICATIONS: THE STATE 
DEPARTMENT VERSUS THE ISLAMIC STATE
Crystal McFadden– Lieutenant, United States Navy
Master of Arts in Security Studies (Strategic Studies)
Advisor: Erik Dahl, Department of National Security Affairs
Second Reader: Craig Whiteside, Naval War College
As the battle against the Islamic State unfolds on the battleground and in cyberspace, the U.S. government 
has declared its commitment to disrupt—and ultimately defeat—the terrorist group. The Islamic State, also 
known as the Islamic State in Iraq and the Levant and ISIS, has become one of the most deadly and influential 
terrorist groups in the Middle East. Strategic communications cannot be underestimated. The unit tasked with 
countering the terrorist group’s propaganda and recruitment efforts, the State Department’s Center for Stra-
tegic Counterterrorism Communications (CSCC), has recently restructured to improve its efforts. This thesis 
examines the Center’s mission, strategy, and communications to assess the efficacy of its efforts to counter 
the Islamic State terrorist group and degrade its ability to recruit foreign fighters. It analyzes the Islamic State 
and introduces the CSCC’s successor, the Global Engagement Center. Finally, it offers research findings and 
provides recommendations for future consideration. Full Text
Keywords: strategic communications, Center for Strategic Counterterrorism Communications (CSCC), ISIS, 
ISIL, Global Engagement Center, counterterrorism
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CONFLICT IN TIME, PETRIFIED IN SPACE: KENYA-
SOMALIA BORDER GEOPOLITICAL CONFLICTS
This paper has been recognized as outstanding by its department
Carolyne Mutisya– Major, Kenya Defence Forces
Master of Arts in Security Studies (Combating Terrorism: Policy & Strategy)
Advisor: Rodrigo Nieto-Gomez, Department of National Security Affairs
Co-Advisor: Carolyn Halladay, Center for Civil-Military Relations
In response to Kenyan citizens’ growing uneasiness with regard to the cross-border violence from Somalia-
based terrorists, the government of Kenya has begun to erect a barrier along its shared border with Somalia. 
This thesis looks at the interconnectedness of the Kenya-Somalia borderlands that are home to the Somali 
ethnic group and the potential impact of the border barrier on this population. The thesis examines the link 
between the historical bordering process carried out by the colonial and post-colonial powers, which con-
tributes to the complexity of border security. Geopolitical analysis examines this process and the emergence 
of identity politics within the Somali ethnic group, as well as how this ethnic identity has been exploited by 
terrorists and contributed to conflicts. Additionally, securitization theory explains not only the government’s 
decision to harden the border, but also the population’s acceptance of an existential threat that legitimizes it. 
The research concludes that the barrier on the Kenya-Somalia border will impact the Somali ethnic group in 
the borderlands. To minimize this impact, the research recommends the border fence as a temporary solution 
to enhance security in Kenya and suggests ways for the government to leverage the support of the borderlands’ 
population to effectively ensure this solution. Full Text
Keywords: border, identity, ethnic group, geopolitics, conflict
COMBATING TRANSNATIONAL TERRORISM IN THE EAST AFRICAN 
REGION: THE ROLE OF THE AFRICAN UNION MISSION IN SOMALIA
Nicholas Nyesiga––Lieutenant Colonel, Uganda Army
Master of Arts in Security Studies (Combating Terrorism: Policy & Strategy)
Advisor: Carolyn Halladay, Center for Civil-Military Relations
Second Reader: Cristiana Matei, Center for Civil-Military Relations
With the logistical support of the international community, including the United Kingdom, the European 
Union, and the United States, the African Union Mission in Somalia (AMISOM) has liberated towns from 
Al Shabaab, protected the Federal Government of Somalia, and enhanced the military capabilities of the 
Somalia National Security Forces. However, the security situation in Somalia remains fragile, characterized 
by a mixture of conventional and asymmetrical attacks against AMISOM and the strategic government infra-
structures. Al Shabaab still has the ability to switch from asymmetrical to direct conventional attacks against 
AMISOM forces and its partners. In other words, significant challenges remain. Some are strategic, some 
are operational, and some are geo-political. These bottlenecks, particularly as they aggregate, continue to un-
dermine AMISOM’s efforts to break the cohesion of Al Shabaab—and its will to fight. This thesis examines 
the achievements of and challenges before AMISOM in combating Al Shabaab-orchestrated transnational 
terrorism in Somalia. It also demonstrates comparative counterterrorism models from which lessons for So-
malia can be drawn. The study concludes by suggesting policy recommendations to the Somali Federal Gov-
ernment, the African Union, and the international community in fighting against transnational terrorism in 




EXTENDED STAY: FACTORS CONTRIBUTING TO SUCCESS OR FAILURE WHEN AFRICAN 
PRESIDENTS ATTEMPT TO AMEND CONSTITUTIONS TO HOLD ON TO POWER
This paper has been recognized as outstanding by its department
Brent Oglesby––Lieutenant, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Rachel Sigman, Department of National Security Affairs
Second Reader: Tristan Mabry, Department of National Security Affairs
This thesis addresses why some African leaders have succeeded in extending their mandates while others 
have not. Specifically, the study focuses on societal factors that impose constraints upon leaders attempting to 
extend or abolish term limits, paying particular attention to the influence of urbanization, formal education, 
and the functioning of civil society organizations. Using a within-case methodology, the study investigates 
Blaise Compaore’s 27-year rule in Burkina Faso, comparing his successful extension of his mandate in 2005 
to his failed attempt in 2014. Comparative case analysis is used to determine what societal changes may have 
occurred between the two attempts. The analysis suggests that urbanization and the functioning of civil so-
ciety organizations were factors important to the difference in outcomes. The factor of formalized education 
was not found to be important. In 2014, new grassroots, pro-democratic civil society organizations capitalized 
on urban demographic changes to mobilize pro-democracy opposition to Compaore. The organizations used 
a number of effective strategies to accomplish this, including civic education and pro-democracy consensus 
building. These insights offer potential guidance to democracy promoters as they search for opportunities to 
assist pro-democracy civil society organizations. Full Text
Keywords: Burkina Faso, West Africa, Africa, comparative politics, constitutional change, term limits, con-
stitutionalism
TRANSPARENCY, ACCOUNTABILITY, AND ENGAGEMENT: 
A RECIPE FOR BUILDING TRUST IN POLICING
Kathleen O’ Reilly– Assistant Chief, New York City Police Department
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Carolyn Halladay, Center for Civil-Military Relations
Co-Advisor: Kathleen Kiernan, Center for Homeland Defense and Security
Police departments across the nation are challenged to reduce crime, improve quality of life, and, with dimin-
ished resources, face the increased threats to homeland security. Many have struggled to find the right balance 
between keeping communities safe while, at the same time, having transparent and effective counterterrorism 
strategies. This thesis examines the role race plays in policing and the criminal justice system. A comparative 
analysis was conducted of the New York Police Department’s community policing and counterterrorism strat-
egies and that of the United Kingdom’s counterpart, the Metropolitan Police Service. The research focuses 
on how important police legitimacy and transparency are to gaining the trust of the community at large. It 
also examines how technology and social media can assist in building trust and enhancing accountability. The 
research concludes with four recommendations that, if implemented, will move the NYPD toward a more 
balanced counterterrorism strategy that actively engages with the community it serves. Full Text
Keywords: New York Police Department, NYPD, counterterrorism, community policing, procedural justice, 
homeland security role, transparency, accountability, police legitimacy
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RISING TIDES: THE STRATEGIC IMPORTANCE OF THE BLACK 
SEA AND ROMANIA FOR U.S. NAVAL STRATEGY
James Palmer– Lieutenant, United States Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Donald Abenheim, Department of National Security Affairs
Second Reader: Mikhail Tsypkin, Department of National Security Affairs
Since Russia’s annexation of Crimea in March 2014, the relationship between the United States and Russia has 
regained the attention of America in ways not seen since the final days of the Cold War. Romania, a nation 
historically embattled between the East and West, positions itself as a stalwart ally of the United States against 
a resurgent Russia. To understand the motivations of each actor one must be keenly aware of both the his-
tory and the culture of each side. As the United States navigates into unforeseen waters piloted by the Trump 
administration, a possible battle on the Black Sea appears imminent—if not in military might, then certainly 
in ideology. This thesis explores the past interactions of Romania, the United States, and Russia through an 
historical perspective in order to analyze present motivations. An attempt to understand intentions behind ac-
tions may prove helpful in preventing a possible flashpoint on the Black Sea and a renewed Cold War. Full Text
Keywords: Black Sea, United States, Romania, Russia, North Atlantic Treaty Organization, Aegis
EFFECTS OF THE COMPACT OF FREE ASSOCIATION ON 
SOVEREIGNTY IN THE FEDERATED STATES OF MICRONESIA
Ian Rummel– Lieutenant Commander, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, The Pacific)
Advisor: Naazneen Barma, Department of National Security Affairs
Second Reader: Jessica Piombo, Department of National Security Affairs
The Compact of Free Association (COFA), a 1986 treaty between the United States and the Federated States 
of Micronesia (FSM), formalizes a specific type of shared sovereignty: free association between politically in-
dependent nations. The COFA intentionally compromises some aspects of Micronesian sovereignty by ceding 
limited authority to the United States, backed by the FSM’s international legal standing. In return, the FSM 
should gain the political and economic capacity to be more effectively sovereign than it could be without ex-
ternal assistance. Whether free association remains the best avenue for the FSM to pursue its national goals 
depends on how sovereign authority is maintained. Does the COFA undermine the FSM’s political authority 
in order to support U.S. strategic interests, or does it properly leverage the FSM’s international legal standing 
and greater U.S. capacity in support of mutual interests? A critical look at international legal norms and shared 
sovereignty regimes, followed by a qualitative cost-benefit analysis with respect to sovereignty, might best 
answer that question. The results suggest necessary modifications to the U.S.-FSM COFA, as well as a revised 
understanding of free association and its potential effects on sovereignty. Full Text
Keywords: Federated States of Micronesia, FSM, Compact of Free Association, COFA, free association, sov-
ereignty
EXPLAINING ANTI-U.S. MILITARY BASE SENTIMENT IN SOUTH KOREA
Wan Sho––Major, United States Marine Corps
Master of Arts in Security Studies (Far East, Southeast Asia, The Pacific)
Advisor: Robert Weiner, Department of National Security Affairs
Second Reader: Tristan Mabry, Department of National Security Affairs
The United States has been South Korea’s (the Republic of Korea, or ROK) most influential ally since World 
War II. It helped defend the South from the North’s invasion during the Korean War, and South Korea helped 
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the United States during the Vietnam War. Moreover, the United States and South Korea have come to mu-
tually benefit from extensive economic ties. Nevertheless, the security relationship has shifted over time. In 
the early 2000s, public protests against U.S. military bases in South Korea soared. This thesis asks: why has 
anti-U.S. base sentiment emerged and fluctuated in South Korea? It is argued that since 1987, the democra-
tization of South Korea affected the country’s politics, economics, military, and society. During this transi-
tion, a number of governments allowed anti-U.S. base sentiment to take root and grow, especially under the 
administrations of progressive party leaders. In addition, resurgent Korean nationalism during the early 2000s 
strained U.S.-ROK relations, which also elevated anti-U.S. base sentiment in South Korea. Nonetheless, anti-
U.S. sentiment has decreased since conservative party leaders won elections in 2008. Full Text
Keywords: South Korea, U.S. bases, democratization, nationalism, alliance
PRAGMATIC IDEALISM:  ERNESTO “CHE” GUEVARA’S STRATEGIC CHOICE FOR BOLIVIA
Philip Wise– –Lieutenant, United States Navy
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Maria Rasmussen, Department of National Security Affairs
Second Reader: Zachary Shore, Department of National Security Affairs
Throughout history, there are political and military decisions that appear, on the surface, to have been made 
without a proper assessment of the situation they are meant to address. These decisions are sometimes dis-
counted as wrongheaded or foolish. Ernesto “Che” Guevara’s decision to fight a guerrilla war in Bolivia is one 
such event. Focus on the failure of Guevara’s Bolivian mission and his subsequent death at the hands of the 
Bolivian military have allowed scholars to ignore the geopolitical and social context that framed Guevara’s 
decision-making process. Dismissing the Bolivian mission as flawed based on its outcome creates a false sense 
that the circumstances surrounding Guevara’s decision to fight are unimportant. Considering that ideas do 
not die, it can be argued that understanding why Guevara fought is more important than whether he was vic-
torious or not. This thesis utilizes Guevara’s writings and secondary sources to present the argument that his 
actions were not rooted in blind ideology and mindless rage, as some scholars suggest, but in a pragmatic blend 
of ideological, strategic, and psychological factors meant to achieve a specific end. Full Text
Keywords: Che, Guevara, guerrilla warfare, Cuba, Bolivia, 1960s, Foco, Castro, revolutionary movements, 
Barrientos regime, Congo revolution
ASSESSMENT OF THE EFFECTIVENESS OF ECONOMIC SANCTIONS: 
THE CASES OF IRAN, NORTH KOREA, MYANMAR, AND CUBA
Yesun Yoon– –Major, United States Air Force
Master of Arts in Security Studies (Far East, Southeast Asia, The Pacific)
Advisor: Naazneen Barma, Department of National Security Affairs
Second Reader: Emily Meierding, Department of National Security Affairs
This study investigates which factors influence the effectiveness of economic sanctions in changing the be-
havior of targeted states. U.S. and UN leaders often turn to economic sanctions rather than military force to 
achieve international political objectives, believing that sanctions are as effective as, and more humane than, 
military force. Yet, history has shown that sanctions are often ineffective in altering target states’ agendas. 
This thesis explores the use of sanctions levied against Iran and North Korea, and examines their efficacy in 
preventing further nuclear proliferation by these two states. These case studies suggest that the structure and 
type of sanctions have limited success driving behavior changes in target states. Other factors—such as the 
target states’ motivation in pursuing a particular policy and features of their political systems, the sanctioning 
states’ ability to punish targeted states’ non-compliance, and the role of third-party spoilers also known as 
black knights—play a large part in determining the value and outcome of economic sanctions. These findings 
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are supported with a brief examination of attempts to promote democratic reforms in Myanmar and Cuba. 
The thesis concludes with policy implications. Full Text
Keywords: economic sanctions, U.S. foreign policy, statecraft, nuclear proliferation, democracy, Iran, North 
Korea, Myanmar, Cuba
ADMITTING SYRIAN REFUGEES: IS THE THREAT OF 
ISLAMIC STATE INFILTRATION JUSTIFIED?
Bryce Yost–– Lieutenant, United States Navy
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Tristan Mabry, Department of National Security Affairs
Second Reader: Anne Baylouny, Department of National Security Affairs
Millions of refugees have fled Syria because of directed violence from the Assad regime and by the Islamic 
State. The United States has a choice between admitting refugees to aid in relieving human suffering, or to re-
strict Syrians based on security concerns. Humanitarian proponents believe the United States should increase 
resettlement to ease suffering and alleviate the migration crisis in the countries of first asylum. Security pro-
ponents believe insufficient vetting methods exist to prevent Islamic State operatives from entering the United 
States through the refugee program. This thesis evaluates the current U.S. refugee vetting policy against the 
humanitarian and security camps by examining the refugee experience and the refugee terrorist threat. This 
thesis concludes that there is no credible threat of Islamic State operatives infiltrating the U.S. refugee pro-
gram, due to extensive vetting procedures already in place. Refugees have not committed any successful ter-
rorist acts in the United States since the passage of the Refugee Act of 1980. The Islamic State remains a threat 
to Western populations, but fears of its infiltration through the refugee program are unrealistic. The Islamic 
State recruits Western operatives through electronic media, and risking exposure during the vetting process is 
unnecessary when easier means of access are available. Full Text
Keywords: vetting, refugees, asylum, terrorism, Syria, policy, Bashar al-Assad, Islamic State, ISIS, Al Qaeda, 
Immigration and Nationality Act, INA, United Nations High Commissioner for Refugees, UNHCR, Depart-




INNOVATIVE DEFENSE ACQUISITION CONCEPT DEPLOYER EQUIPMENT BUNDLE (DEB)
Frederic Albesa–– Lieutenant Commander, United States Navy
Isaac Ortman– –Lieutenant Commander, United States Navy
Stephen Kirouac–– Captain, United States Army
Master of Business Administration
Advisor: Robert Mortlock, Graduate School of Business and Public Policy
Co-Advisor: Douglas Brinkley, Graduate School of Business and Public Policy
Co-Advisor: Amilcar Menichini, Graduate School of Business and Public Policy
The military spends resources ensuring individual warfighter equipment is technologically advanced and op-
erationally effective/suitable. Certain types of warfighter equipment, specifically durable goods, have long 
service lives; therefore, services cannot afford to replace all warfighter equipment when advances in capability 
or weight reduction are achieved. However, like pre-positioned stocks of heavy combat equipment, having 
stocks of modern warfighter equipment in a non-contingent environment ready for early deployers ensures 
readiness and buys time for industrial base ramp-up. The Deployer Equipment Bundle (DEB) concept would 
outfit early deploying brigade combat teams to the next major contingency with the most modern, lifesaving 
equipment available, providing sufficient buffer stock to enable the industrial base to ramp up to full capacity. 
This concept procures organizational clothing and individual protective equipment and personal protective 
equipment for immediate capability needs and includes flame-resistant uniforms. The DEB concept increases 
flexibility while reducing operational risks to the Army. We found that an effective implementation of a DEB 
concept should leverage the best practices of the Army Rapid Field Initiative operations, Army Pre-positioned 
Stocks operations, and United States Marine Corps Individual Clothing and Combat Equipment operations. 
In addition, our research identified the barriers and challenges to the acceptance of the DEB concept: aversion 
to change, ignorance to new concepts, Army culture, and trust. Full Text
Keywords: deployer equipment bundle, soldier protection system, prepositioning equipment, organizational 
clothing, critical combat equipment, readiness, rapid fielding initiative, lifesaving equipment, personal protec-
tive equipment, fire-retardant uniforms, barrier to acceptance
ANALYSIS OF NAVY HORNET SQUADRON MISHAP COSTS WITH 
REGARD TO PREVIOUSLY FLOWN FLIGHT HOURS
This paper has been recognized as outstanding by its department
Jason Baumann–– Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Robert Eger, Graduate School of Business and Public Policy
Co-Advisor: Kenneth Doerr, Graduate School of Business and Public Policy
Naval aviation is inherently dangerous. Recently, budgetary pressures have reduced flight hours across naval 
aviation. The author’s experience as a naval aviator has allowed him to see that mishaps occur more frequently 
in a squadron when flight hours are reduced. This thesis correlates F/A-18 Hornet and Super Hornet squadron 
previously flown flight hours with mishap costs. It uses a macro level approach by evaluating how a squadron’s 
previously flown flight hours affect mishap cost and the likelihood of a mishap. This thesis does not attempt 
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flown flight hours. Analyzing 15 years’ worth of squadron monthly flight hours and mishaps shows that mis-
hap cost is statistically correlated to the flight hours flown during the previous three and six months. A linear 
multivariate model was developed and used to analyze a dataset containing mishaps in the years 2001-2016. 
This analysis showed a reduction of ~$9,500 in mishap cost for every flight hour flown in the previous three 
months. Additionally, mishap rates were shown to increase during periods of low flight-hour operations. Cost 
per flight hour is approximately $10,000, making a mishap cost increase (when a mishap occurs) from a reduc-
tion in flight hours roughly equal to the cost per hour. Full Text
Keywords: naval aviation, mishap, Hornet, regression
THE ROLE OF FRIENDSHIP WITHIN SOCIAL NETWORKS OF DIVISIONS AT RECRUIT 
TRAINING COMMAND AND ITS EFFECT ON THE RESILIENCE OF NAVAL RECRUITS
Crystal Brooks–– Lieutenant, United States Navy
Heidi Davis– –Lieutenant Commander, United States Navy
Dannie Stimson–– Lieutenant, United States Navy
Master of Business Administration
Advisor: Edward Powley, Graduate School of Business and Public Policy
Co-Advisor: Deborah Gibbons, Graduate School of Business and Public Policy
Co-Advisor: Frank Barrett, Graduate School of Business and Public Policy
The overall purpose of this project is to explore the connection between friendship and venting networks, 
and how they relate to the self-reported resilience levels of Navy recruits during basic training. This study 
hypothesizes that there is a positive relationship between friendship and venting networks, and that positive 
network attributes contribute to greater resiliency. Additionally, it hypothesizes that groups who received 
resilience interventions were more likely to report higher levels of individual and divisional resilience when 
compared to the control groups. Data for this project was derived from surveys conducted at Recruit Training 
Command in Great Lakes, Illinois, in the summer of 2015. The 1,065 surveys come from a population of eight 
different recruit divisions taken at two different time intervals. This project used quantitative analysis to assess 
the relationship between friendship and venting networks and resilience. The results indicate that there is a 
relationship between friendship and venting networks, and that resilience interventions positively affect the 
network attributes as well as individual and divisional resilience. This project provides a basis for future study 
of resilience interventions and their effect on social networks in the military in order to promote resilience 
among its members. Full Text
Keywords: Recruit Training Command, RTC, recruits, resilience, friendship, venting, cohesion, psychological 
safety
LIFELINE: A TOOL FOR LOGISTICS PROFESSIONALS
Michael DiProspero–– Lieutenant Commander, United States Navy
Christopher Sands– –Lieutenant Commander, United States Navy
John Secrist–– Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Marco DiRenzo, Graduate School of Business and Public Policy
Co-Advisor: Bryan Hudgens, Graduate School of Business and Public Policy
This proof of concept study is designed to provide a basic understanding of the Supply Corps community, 
provide a comparative analysis of the organizational culture utilizing the competing values framework (CVF), 
and examine the impact of mentoring within an organization. Active duty and retired Supply Corps officers 
were surveyed on their perception of the community via questions that were created with the CVF as a guide. 
Our results show that there is a current demand for additional artifacts that will provide for a more balanced 
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community. LifeLine, a proposed mobile application, is a recommended solution to encourage an evolving 
Supply Corps populace to seek educated, informed assistance when faced with adversity. The application also 
promotes open communication within the Supply Corps community for the growth of its junior officers and 
inspires senior officers to make an investment in the community by sharing their corporate knowledge with 
the next generation of officers through mentoring. Full Text
Keywords: LifeLine, mentorship, mentor, mentoring, advice, mobile, application, supply corps, tool, logistics, 
logistician
RETURN ON INVESTMENT FOR THE UNITED STATES 
NAVY’S TRAINING WITH INDUSTRY PROGRAM
This paper has been recognized as outstanding by its department
Melissa Flynn– –Lieutenant Commander, United States Navy
Amphay Souksavatdy– –Lieutenant, United States Navy
Master of Business Administration
Advisor: William Hatch, Graduate School of Business and Public Policy
Co-Advisor: Daniel Nussbaum, Department of Operations Research
Annually, the United States Navy’s Supply Corps selects four officers to participate in its Training with Indus-
try (TWI) program. This program takes the selected officers out of traditional Navy Supply Corps billets and 
sends them to work with one of four Fortune 500 companies: ExxonMobil, Starbucks, The Home Depot, or 
FedEx. Lessons learned from these companies and their best business practices are to be brought back to the 
fleet during a follow-on three-year utilization tour after the TWI program. To develop a return on investment 
(ROI) metric for Naval Supply Systems Command (NAVSUP) to apply to its TWI program, this MBA project 
researched three ROI methodologies: the Kirkpatrick model, Schmidt’s seven steps model, and Phillips’ five-
level ROI framework. Combining elements of the three methodologies, an adaptable metric was developed for 
NAVSUP. The net benefit of the program divided by the program costs results in an ROI of 88%. Additional 
intangible benefits obtained include meeting capability gaps, meeting NAVSUP’s objectives, and increasing 
the professional value of the Supply Corps officers. It is recommended that NAVSUP adjust its utilization of 
the officer to maximize the benefit, use the forms developed to improve data collection, and assign partici-
pants additional qualification designations upon TWI program completion. Full Text
Keywords: return on investment, ROI, training with industry, ROI methodology
PHASE ZERO CONTRACTING FOR U.S. ARCTIC NATIONAL SECURITY
Ricky Grant–– Captain, United States Army
Master of Business Administration
Advisor: David Yost, Department of National Security Affairs
Co-Advisor: Robert Mortlock, Graduate School of Business and Public Policy
Arctic ice is receding and creating increased activity. A navigable Arctic poses security concerns, but also 
represents accessible resources and reduced shipping costs. This research investigates the following questions: 
Does the Department of Defense (DoD) have the capabilities to meet U.S. security objectives in the Arctic? 
What are the DoD’s related national strategy responsibilities? What opportunities exist to minimize cost while 
providing capability? What contract actions are appropriate for Phase Zero of Arctic planning? Included is a 
literature review of national strategy and international policies, limited to specific research areas. Analysis of 
procurement stakeholder integration uses Yoder’s Three-Tier Model. Examination of successful integration 
uses Yoder’s Three Integrated Pillars. The agility, discipline, and risk pillars are used to determine contract 
considerations. This research found that the DoD is not prepared to conduct military operations in the Arctic, 
and has deficiencies in equipment and training for national defense roles. Also, the DoD lacks trained per-
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sonnel capable in the immersive interagency, international, and non-governmental integration necessary for 
procurement efforts. There are several tasks the DoD is charged with supporting; only one task was specified. 
Joint interagency integration and selection of an appropriate contract type are key to meeting U.S. national 
security objectives in the Arctic. Full Text
Keywords: Arctic; fixed-price, cost-contract; Agility, Discipline, and Risk Model
COST ANALYSIS OF CONSOLIDATED FEDERALLY PROVIDED HEALTH CARE
Joshua Harding–– Lieutenant Commander, United States Navy
Carlos Munoz Aguirre–– Captain, United States Army
Master of Business Administration
Advisor: Amilcar Menichini, Graduate School of Business and Public Policy
Co-Advisor: Uday Apte, Graduate School of Business and Public Policy
Co-Advisor: Spencer Brien, Graduate School of Business and Public Policy
This study explores specialization as a solution to increase the efficiency of health care at the Departments 
of Defense and Veterans Affairs. Health care for veterans and eligible beneficiaries continues to pose a sig-
nificant budgetary constraint to the Departments of Defense and Veterans Affairs. Without modification to 
the current services provided at the Departments of Defense and Veterans Affairs, health care service will 
either decline or increase expense to the federal government and/or beneficiaries. Using data from the Naval 
Medical Center San Diego and Veterans Affairs Medical Center San Diego as examples to specialization, five 
additional locations were identified as similar to the medical facilities in San Diego. The six total locations 
represent approximately 24% and 6% of the total health care budget for the Departments of Defense and 
Veterans Affairs, respectively. Using research on specialization of hospitals, an estimated cost reduction to the 
Departments of Defense and Veterans Affairs represents a potential median savings of $0.5-1.2 billion annu-
ally for the Departments of Defense and Veterans Affairs, respectively. Full Text
Keywords: Veterans Affairs, VA, Department of Defense, DoD, health care, specialization, hospital
ANALYSIS OF SSN 688 CLASS SUBMARINE MAINTENANCE DELAYS
R. Leon Lary IV– –Lieutenant, United States Navy
Master of Business Administration
Advisor: Nick Dew, Graduate School of Business and Public Policy
Co-Advisor: Keebom Kang, Graduate School of Business and Public Policy
The combination of negative real budget growth and unchanged operational use has stressed the resources 
of the United States Navy, resulting in an annual average over-budget execution of $0.77 billion per year in 
Navy-wide ship depot maintenance since FY2010. The Navy’s active ship maintenance budget only supports 
70 percent of the ship maintenance projected in FY2017; a significant portion of over-budget execution and 
delays has occurred with submarine availabilities. Delays to a submarine’s return to the fleet results in a de-
crease of the overall operational availability of already diminishing submarine force levels. In this thesis, data 
collected from Pearl Harbor Naval Shipyard is analyzed to investigate possible factors impacting the ability 
of maintenance activities to complete SSN 688-class submarine maintenance availabilities as scheduled. The 
analysis illustrates a systematic underestimation of availability duration due to the use of outdated historically 
based estimates following a significant shift in maintenance strategy in 2012. Additionally, the analysis shows 
a significant increasing trend in the average number of man-days required to complete a job. This thesis pro-
vides a narrowed focus for future studies attempting to determine the cause of this trend. Finally, this thesis 
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proposes a solution to the systematic underestimation of availability durations by illustrating the inherent error 
in the current equation and providing a notional equation to remove that error. Full Text
Keywords: Submarine, maintenance availability, 688, delay, cost, overrun, I-Level, D-Level, TFP Rev B, CPE, 
duration equation, estimate, DSRA, CMAV, man-days/job, man-day creep, workforce experience levels, ship-
yard, PHNSY, IMF, facility
ANALYSIS OF CIVILIAN LABOR COSTS WITHIN THE DEPARTMENT OF THE NAVY
Paul Llano–– Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Robert Eger, Graduate School of Business and Public Policy
Co-Advisor: Eddine Dahel, Graduate School of Business and Public Policy
Civilian labor costs rose 2.2 percent in the 12-month period ending in December 2016, according to a January 
2017 Bureau of Labor Statistics cost index. Changes in labor costs can affect the financial stability of not only 
private corporations but also government organizations, such as the Department of the Navy (DoN). Both 
private and public employers must compete in the same market for skilled professionals. Understanding how 
civilian labor costs change is of particular importance to the DoN, considering that the service is a manpower-
intensive organization limited by congressionally enacted restraints that affect the service’s budgets. By con-
ducting a statistical analysis of recent historical data, creating basic models, and projecting those models for 
the near future, this report provides a macro-level overview of the Navy’s civilian labor costs so that Navy 
leadership can make better-informed decisions on the expenditure of limited funds. Full Text
Keywords: Department of the Navy, DoN, civilian labor, full time equivalents, expenditures, benefits, com-
pensation, linear regression, multiple regression
FINANCIAL STATEMENT ANALYSIS, INTERNAL CONTROLS, AND AUDIT READINESS: 
BEST PRACTICES FOR PAKISTAN ARMY FINANCIAL MANAGEMENT OFFICERS
This paper has been recognized as outstanding by its department
Muhammad Malik–– Lieutenant Colonel, Pakistan Army
Master of Business Administration
Advisor: Juanita Rendon, Graduate School of Business and Public Policy
Co-Advisor: Steven Landry, Graduate School of Business and Public Policy
Pakistan has the world’s sixth-largest standing army, which requires numerous goods and services supplied 
by contractors to maintain its efficient operation. To ensure the effectiveness of the contract award process, 
the Pakistan Army financial management officers need further education regarding how to conduct a finan-
cial statement analysis on potential contractors. Furthermore, although the Pakistan Army follows its own 
internal controls and has an audit system, Pakistan Army financial management officers may benefit from the 
latest research in these areas for better strategic and financial management of the overall military organiza-
tion. The purpose of this research is to create a best practices educational guide that includes a framework 
for the processes of conducting a financial statement analysis of a potential contractor, instituting effective 
internal controls for an army outfit, and assuring the audit readiness of an army organization that will serve to 
assist Pakistan Army financial management officers. This research concludes that the four steps of financial 
statement analysis should be adopted, including vertical and horizontal trend analysis, ten financial ratios, 
bankruptcy analysis, and fraud analysis. This research also recommends implementing the Committee of 
Sponsoring Organizations of the Treadway Commission internal control framework and the U.S. Department 
of Defense Financial Improvement Audit Readiness strategy. An educational guide is created as a reference for 
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Pakistan Army financial management officers to enhance their knowledge of financial management matters 
related to financial statement analysis, internal controls, and audit readiness. Full Text
Keywords: financial statement analysis, financial health of a contractor, financial ratios, bankruptcy, fraud, in-
ternal controls, COSO framework, importance and effectiveness of internal controls, U.S. auditing standards, 
DoD audit readiness, best practices for Pakistan Army
ANALYSIS OF A PROPOSAL TO IMPLEMENT THE READINESS-
BASED SPARING PROCESS IN THE BRAZILIAN NAVY
Regis Nogueira–– Lieutenant Commander, Brazilian Navy
Master of Business Administration
Advisor: Geraldo Ferrer, Graduate School of Business and Public Policy
Co-Advisor: Kenneth Doerr, Graduate School of Business and Public Policy
With the Brazilian Navy facing increasingly tight budget constraints as a result of the country’s severe eco-
nomic crisis, maintaining appropriate inventory levels of stochastic spare parts, to support complex weapon 
systems, has become more challenging. Currently, only the traditional item approach is utilized to determine 
inventory levels. This research investigates whether implementing the U.S. DoD readiness-based sparing 
methodology could provide the Brazilian Navy with greater cost savings, in comparison to the traditional 
item approach, without compromising the availability of supported weapon systems. A case study is developed 
based on a helicopter engine and a selected group of its critical reparable components. The existing inventory 
of reparable components is evaluated against a range of efficient solutions computed using greedy heuristics. 
The results indicate that the analyzed inventory could be dramatically reduced, while the expected average 
system availability would not be adversely affected. Moreover, potential cost savings could be leveraged if the 
proposed approach is applied to establish initial provisioning. The implementation of readiness-based sparing 
within the Brazilian Navy is recommended, but a thorough investigation is proposed prior to a comprehensive 
implementation of the model. A phased approach is suggested by applying the methodology first for determin-
ing reparable spares initial provisioning. Full TextKeywords: reparable, system-approach, optimization, greedy 
heuristics, maintenance, spare parts, allowance lists, METRIC
PUBLIC BUDGETING: THE COMPROMISES AMONG THE SOUND 
BUDGETING PRINCIPLES IN CONTINGENCY FUNDING
Tara Payne– –Lieutenant, United States Navy
Master of Business Administration
Advisor: Philip Candreva, Graduate School of Business and Public Policy
Second Reader: Marco DiRenzo, Graduate School of Business and Public Policy
The purpose of this thesis is to observe the budgeting practices of the government in funding contingency 
operations to determine to what extent a policy-maker’s actions result in compromises among the sound pub-
lic budgeting principles. To accomplish the objective, this thesis evaluates the evolution of budgeting practices 
used in funding overseas contingency operations from 2001 to 2016 and determines the level of application of 
the sound budgeting principles to the budgeting practices. To illustrate the application of use, this thesis first 
defines the principles of sound public budgeting and maps the differing budgeting practices to the charac-
teristics along a relative spectrum of high, medium, and low, to determine if there are discernible patterns. A 
framework does not exist for Congress to fund for contingencies; policy-makers must therefore use budgeting 
practices that are less than ideal. Since the attacks of 9/11, the United States has funded contingency opera-
tions through processes different from normal budgeting. Over the last 15 years, those budgeting practices 
have evolved in a manner that questions to what extent funding for contingency operations is consistent with 
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the principles of sound public budgeting. An analysis shows that compromises are made among the principles 
to adequately fund for contingency operations. Full Text
Keywords: overseas contingency operations, OCO, sound budgeting principles, supplemental appropriations, 
funding, GWOT, Global War on Terror, emergency funding, appropriation bills, contingency funding
AN ANALYSIS OF USMC FACILITIES SUPPORT CONTRACTS 
WITH A FOCUS ON BASE MAINTENANCE
Jon Pynduss– –Captain, United States Marine Corps
Master of Business Administration
Advisor: Matthew Kremer, Graduate School of Business and Public Policy
Co-Advisor: Rene Rendon, Graduate School of Business and Public Policy
The purpose of this research was to provide recommendations to improve the Marine Corps facilities support 
contract (FSC) process and encourage innovation. In order to achieve this objective, three research questions 
were answered. First, what are the current practices and processes used for USMC contracting? Second, what 
commercial and governmental best business practices can the USMC implement to improve the FSC process? 
Third, what strategies and practices can the USMC use to promote innovation in FSCs? These questions were 
answered by reviewing Marine Corps FSC files, researching service contracting best business practices, and 
ascertaining strategies to encourage innovation. After a comparative analysis, eight recommendations were 
identified to improve the FSC process. The first four recommendations involve the implementation of the 
following best business practices. First, foster a better utilization of the Integrated Project Team (the team 
responsible for designing the requirement as well as managing and evaluating the acquisition effort). Second, 
leverage the benefits of strategic sourcing. Third, improve data collection and forecasting. Last, improve the 
ability to share lessons learned. The remaining four recommendations offer strategies to encourage innova-
tion. First, allow the contractor and government personnel to be innovative. Second, use private sector advi-
sors to teach the most current processes and technological advancements. Third, provide both the contractors 
and government personnel with incentives to innovate. Last, create a culture of innovation. Full Text
Keywords: services contracting, innovation, best business practices, facilities support, USMC
ANALYSIS OF THE CIVIL-MILITARY RELATIONSHIP TO IMPROVE EFFICACY AND 
COORDINATION OF HUMANITARIAN AID AND DISASTER RELIEF EFFORTS
Shozab Raja–– Lieutenant Colonel, Pakistan Army
Fahad Irshad–– Commander, Pakistan Navy
Donny Bayu Sukarno–– Ministry of Defense, Republic of Indonesia
Master of Business Administration
Advisor: Deborah Gibbons, Graduate School of Business and Public Policy
Co-Advisor: Mie Augier, Global Public Policy Academic Group
This project analyzes the civil-military relationship in Humanitarian Aid and Disaster Relief (HADR) opera-
tions that have followed natural disasters, such as the 2005 earthquake in Pakistan, Hurricane Katrina in the 
United States, and the 2004 tsunami in the Indian Ocean, particularly in Indonesia. In the humanitarian relief 
process, the relationship between civil and military institutions is a key component of successful HADR ef-
forts. The objective of this project is two-fold: it identifies critical inter-relational issues, and it recommends 
a viable and executable framework to ensure the efficient use of resources/efforts to promote a high state of 
readiness and performance in joint operations. We analyze three major HADR organizations located in the 
United States, Pakistan, and Indonesia, and focus on specific HADR operations based on the magnitude of 
the disaster. Our analysis draws on primary research from the interviews we conducted with professionals 
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(i.e., the heads and directors of these organizations) taking part in HADR operations. We then recommend 
a coordination framework, based on building strategic alliances among key players; the sharing of resources 
and information; and joint planning, training, and exercises to reduce cultural gaps and strengthen relations 
among members. We conclude that the organizational framework, communication and coordination, training, 
and inter-organizational culture are critical elements for efficient HADR operations. The proposed frame-
work will not only bring synergy to the whole operation, but will also facilitate in planning and economization 
of resources. Full Text
Keywords: Humanitarian Aid and Disaster Relief, HADR, disaster, civil-military relations, humanitarian or-
ganizations, NGOs
COMPARING THE NPS MBA RESIDENT AND DISTANCE LEARNING PROGRAMS
Mara Rosenthal–– Civilian, Department of the Navy
Master of Business Administration
Advisor: Marigee Bacolod, Graduate School of Business and Public Policy
Co-Advisor: Latika Hartmann, Graduate School of Business and Public Policy
Distance learning (DL) instructional modes are of interest to the Naval Postgraduate School (NPS) as the 
school provides access to graduate education for officers posted at remote duty stations. However, studies 
report mixed academic achievement for general DL versus resident students, with similarly mixed findings for 
students pursuing Master of Business Administration (MBA) degrees. Two 2016 studies evaluating NPS pro-
grams overall report lower completion rates for DL versus resident students. This MBA project was conducted 
to help find similarities and/or differences in four evaluation areas: entry requirement Academic Profile Codes, 
grade point averages (GPA), graduation status, and student survey responses on perceptions of program expe-
rience. Data analyses were performed without controlling for student, course, or program-specific factors to 
suggest general areas for a more in-depth study. Project findings show little or no between-group differences 
in GPA, but DL MBA students were less likely to graduate than resident peers, who also had greater success 
in most math-intensive courses. These findings may support further studies of factors that may affect student 
success within DL versus resident programs. Full Text
Keywords: MBA DL student success, MBA resident student success, MBA student success factor correlation 
by instruction mode, MBA graduation rates, MBA program entry requirements, MBA graduation rates and 
GPA correlations, MBA entry requirement, GPA correlations
APPLICABILITY OF THE LAW OF REQUISITE VARIETY IN 
MAJOR MILITARY SYSTEM ACQUISITION
Juan Santiago– –Lieutenant Colonel, United States Army
Steven Cusack– –Major, United States Army
Master of Business Administration
Advisor: Mie-Sophia Augier, Global Public Policy Academic Group
Co-Advisor: John Dillard, Graduate School of Business and Public Policy
In 2005, the U.S. military found itself inadequately prepared with doctrine and materiel to wage counterin-
surgency operations in Iraq. As the insurgency adapted to American tactics, the high mobility multipurpose 
wheeled vehicle (HMMWV) became a target of the insurgency because of its lack of armor, which led to 
significant casualties caused by improvised explosive devices (IEDs). The U.S. response to the IED threat 
to HMMWVs was to procure the Mine Resistant Ambush Protected (MRAP) vehicle, a costly endeavor. 
The MRAP increased Soldier and Marine survival rates during IED attacks, but other aspects of the vehicle 
contradicted counterinsurgency strategy. Because of its survivability, leaders expected tactical commanders to 
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use the MRAP, which reduced tactical commanders’ variety of options to engage the enemy. This research 
explores the value of variety in major military systems by applying concepts from the Law of Requisite Vari-
ety and uses the MRAP as an example of a materiel solution throughout. Increasing system variety conflicts 
with current acquisition practices, which prefer commonality. This research finds that warfighter capabilities 
increase with variety, but variety is antithetical to achieving commonality and cost savings. To achieve a bal-
ance between commonality and variety, the authors suggest organizational and system hardware alternatives. 
Full Text
Keywords: Law of Requisite Variety, insurgency, counterinsurgency, variety, complex systems, Ashby, Iraq, 
Operation Iraqi Freedom, surge, Mine Resistant Ambush Protected Vehicle, MRAP, wheeled vehicle strategy, 
military acquisition
BUSINESS CASE ANALYSIS OF THE MARINE CORPS 
BASE PENDLETON VIRTUAL SMART GRID
Jamis Seals–– Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Eva Regnier, Defense Resources Management Institute
Co-Advisor: Bryan Hudgens, Graduate School of Business and Public Policy
Rising energy costs and decreasing federal funding are prompting government organizations to find effective 
cost-saving solutions. As one of the largest American consumers of electricity, the Department of Defense 
(DoD) is searching for answers in energy-efficient technology. This study discusses the benefits of using 
power-modeling software to manage Advanced Metering Infrastructure on DoD installations. An examina-
tion of five case studies highlights the costs and benefits of the Virtual Smart Grid (VSG) developed by Space 
and Naval Warfare Systems Command for use at Marine Corps Base Pendleton (MCBP). The power-modeling 
software used to manage the VSG discovered improvements that can be made to the electrical grid to reduce 
energy consumption costs, prevent equipment damage, improve project planning, and facilitate installation 
energy management. Conservatively, implementing only one of the described improvements would result in 
a 20-year net present value of the project of approximately $800,000. Power-modeling software provides the 
potential for a wide range of capabilities and a plethora of benefits yet to be discovered, both at MCBP and 
throughout the DoD. Full Text
Keywords: advanced metering infrastructure, DoD electrical grid monitoring, energy management, smart 
grid, power-modeling software, power systems modeling, data-driven energy management, energy savings, 
virtual smart grid
ANALYSIS OF RETURN ON INVESTMENT FOR NAVAL AIR 
STATION FALLON ENERGY PROJECT ALTERNATIVES
Nicholas Sweet– –Lieutenant, United States Navy
Master of Business Administration
Advisor: Ryan Sullivan, Defense Resources Management Institute
Second Reader: Daniel Nussbaum, Department of Operations Research
Energy Savings Performance Contracts (ESPC) are energy-related construction projects that are financed by 
a non-Department of Defense third party. This type of contract requires the contractor to perform the con-
struction as well as the maintenance of installed equipment during the life of the financing agreement with the 
Navy. The Commander, Naval Installation Command (CNIC) must give approval for all Navy ESPC projects 
to proceed. CNICs are not provided future cost analysis to aid in deciding whether to approve or disapprove 
ESPC projects. Failure to approve the use of the ESPC for the required work will typically mean that the work 
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must wait several years for appropriations funding to become available. During this time, the Navy will not 
realize the potential energy savings and associated benefits of the energy project. This analysis compares the 
Return on Investment for five energy project alternatives at Naval Air Station (NAS) Fallon, NV. Of these 
five, the ESPC alternative has the most benefit per this analysis, saving $1.3M over 20 years. CNIC can use 
these results to reinforce their decision to proceed with the NAS Fallon ESPC project. Full Text
Keywords: energy efficiency, contracting, Energy Savings Performance Contract, ESPC
PEER EFFECTS IN FINANCIAL DECISION MAKING: EVIDENCE FROM THE U.S. NAVY
Patrick Veith–– Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Jesse Cunha, Graduate School of Business and Public Policy
Co-Advisor: Amilcar Menichini, Graduate School of Business and Public Policy
This paper uses field data derived from U.S. Navy personnel records to estimate the effect of peers on individ-
ual financial decision making. Looking specifically at the decision made by active duty Navy personnel when 
choosing between two different retirement options, I test whether the decision to choose one option over the 
other is independent of the commands to which they are assigned. The results suggest that this decision is not 
independent and appears to be negatively correlated with the average choice of one’s peers and is significantly 
affected by environmental factors specific to the command. I estimate peer effects in this decision using an 
ordinary least squares model, which addresses the identification problem and which partially controls for con-
temporaneous shocks. Initial estimates are positive and significant; however, these estimates become negative 
when fixed effects for unit and month are added. The negative effect implies that individuals deciding between 
the two retirement options exhibit a negative reactionary response to the preference of their peers. Addition-
ally, I examine the role of financial literacy in this decision and the interaction between cognitive ability and 
peer effects. The results suggest that individuals with higher cognitive ability demonstrate a more significant 
negative reaction to their peers than do members with lower cognitive ability. Full Text
Keywords: peer effects, financial decision making, financial literacy, military retirement
A DATA ANALYSIS OF NAVAL AIR SYSTEMS COMMAND FUNDING DOCUMENTS
Edward Windas– –Lieutenant Commander, United States Navy
John Peach III–– Lieutenant, United States Navy
Master of Business Administration
Advisor: Ryan Sullivan, Defense Resources Management Institute
Co-Advisor: Daniel Nussbaum, Department of Operations Research
This research looks at the financial transactions that occurred within United States Naval Air Systems Com-
mand (NAVAIR) between fiscal years 2012-2016. It analyzes over 180,000 transactions with a total value in 
excess of $146 billion. NAVAIR uses the Navy Enterprise Resource Planning system to process its financial 
transactions and, since its implementation, there has been an increase in the overall number of transactions. 
As a result, there is an effort underway to reduce the number of transactions. This research provides insights 
into NAVAIR business practices, develops a metric with which to gauge efficiency and benchmark perfor-
mance, and provides a few simple linear regression equations to determine adherence to the newly established 
benchmarks. We conclude that 55% of NAVAIR financial transactions are intergovernmental and that they 
are responsible for 80% of all transactions requiring amendments. We were also able to determine that the 
number of line items on a purchase request grows by 39% for intergovernmental transactions when requiring 
amendments. These findings indicate that intergovernmental transactions are easy to amend. Therefore, we 
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recommend placing more purchase request line items on a single purchase request and working to reduce the 
number of intergovernmental transactions requiring amendments. Full Text
Keywords: navy enterprise resource planning, ERP, Naval Air Systems Command, NAVAIR, purchase re-
quests, PR, funding documents, Economy Act Order, intragovernmental transfers, Business & Financial 
Managers
THE ROLE OF CALLING IN MILITARY ENGAGEMENT
Charmaine Yap–– Lieutenant, United States Navy
Master of Business Administration
Advisor: Marco DiRenzo, Graduate School of Business and Public Policy
Co-Advisor: Edward Powley, Graduate School of Business and Public Policy
The purpose of this study was to determine the effects of calling in the military. As the military continues 
to increase retention goals despite budget constraints, it must adopt ways to better promote career growth 
and enhance life satisfaction for its personnel. This can be accomplished through recruiting, grooming, and 
retaining those individuals who have a calling to military service. My study answered the following research 
questions: (1) Is calling related to positive military career outcomes? (2) Does calling spark and deepen com-
mitment and retention? (3) Does calling promote career growth for those called to service? (4) Does calling 
increase life satisfaction? (5) How is calling related to military retention? Data from surveys of Naval Post-
graduate School students reveal many work-related correlations with calling and calling’s positive effects. My 
research findings suggest that recruiting, retaining, and promoting those who are called to military service 
will not only decrease turnover, but also provide a better military workforce. I recommend incorporating 
calling into military employment practices for better human resources results and increased organizational 
success. Full Text
Keywords: calling, social capital, protean career orientation, career plateau, career growth, life satisfaction, 
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GENERALIZED BOOLEAN FUNCTIONS AS COMBINERS
Oliver Di Nallo– –Second Lieutenant, United States Army
Master of Science in Applied Mathematics
Advisor: Pantelimon Stă nică , Department of Applied Mathematics
Second Reader: Thor Martinsen, Department of Applied Mathematics
In this digital age, cryptography has formed the backbone of many computer functions. Cryptography drives 
online commerce and allows privileged information safe transit between two parties as well as many other 
critical internet uses. The presence of a strong pseudo-random number generator (PRNG) is an absolute re-
quirement in modern cryptography. All modern ciphers draw their strength from having this strong generator. 
There are currently many ways to generate a secure PRNG. Most current PRNGs generate their stream as a 
sequence of bits. As a result, most tests performed to ensure randomness are made for binary streams. This 
thesis introduces a way to generate an integer random number stream using generalized Boolean functions. 
Additionally, this thesis discusses how to test an integer stream using binary tests. Data from this thesis sug-
gests that high levels of complexity can be obtained using simple quadratic (or other higher degree) generalized 
combiners. Additionally, our data discusses the ability to generate sequences with high degrees of randomness 
using a variety of combiner choices for the generalized Boolean function. Full Text
Keywords: pseudo-random number generator, PRNG, generalized Boolean function
ANALYSIS OF THE GLOBAL MARITIME TRANSPORTATION SYSTEM AND ITS RESILIENCE
Daniel Funk–– Major, German Army
Master of Science in Operations Research 
and 
Master of Science in Applied Mathematics
Advisor: David Anderson, Department of National Security Affairs
Co-Advisor: Ralucca Gera, Department of Applied Mathematics
Second Reader: Stephen Flynn, Northeastern University
The global maritime transportation system carries more than 90% of the foreign trade of the United States 
and many other industrial nations. The loss of a port or the blockade of a canal can cause serious economic 
consequences, particularly when prearranged deliveries cannot reach their destinations or have to take long 
detours. Therefore, the efficiency and operability of the global economy depends highly on the resilience of 
this system. In this thesis, we analyze the maritime transportation system as a network consisting of container 
ports, maritime choke-points and transportation routes between them. We apply the methods and metrics 
of the network science to find the most central nodes. Furthermore, we formulate a multi-commodity linear 
optimization model and perform an analysis on different scenarios involving the interdiction of one or more 
container ports or chokepoints. We contrast the results afforded by the two perspectives. In addition, we 
evaluate the potential effect of increasing capacity on the Arctic sea routes. Full Text
Keywords: global maritime transportation network, container transport, critical infrastructure, cargo flow, 
web scraping, network modeling, network analysis, multiplex network, network centrality, multi-commodity 
linear optimization, network interdiction
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RANDOMIZED PATH OPTIMIZATION FOR THE 
MITIGATED COUNTER-DETECTION OF UAVS
Mitchell Heaton–– Ensign, United States Navy
Master of Science in Applied Mathematics
Advisor: Ralucca Gera, Department of Applied Mathematics
Second Reader: Levi DeVries, United States Naval Academy
Second Reader: Michael Kutzer, United States Naval Academy
Unmanned aerial vehicles (UAVs) provide exceptional capabilities and a myriad of potential mission sets, but 
the ability to disguise where the aircraft takes off and lands would expansively advance the abilities of UAVs. 
This thesis describes the development of a nonlinear estimation algorithm to predict the terminal location 
of an aircraft and a trajectory optimization strategy to mitigate the algorithm’s success. Vehicle paths are 
generated using a matrix-based quadratic trajectory computation method. The paths are then tracked by re-
cursively updating time-based observations of vehicle position using Bayesian filtering. The Kullback-Leibler 
divergence is used to compare the probability density of aircraft termination to a normal distribution around 
the true terminal location. Results show that the optimal conditions to obfuscate path include waypoints at or 
beyond the vehicle terminal location, variations in velocity throughout the time of flight, and the minimal use 
of an aircraft’s maximum potential time of flight. Full Text
Keywords: unmanned aerial vehicles, UAV, path planning, optimization, obfuscation, extrapolation, mitigated
AN EFFICIENT MISSILE LOADOUT PLANNING TOOL FOR OPERATIONAL PLANNERS
Joseph Newman–– Lieutenant, United States Navy
Master of Science in Operations Research 
and 
Master of Science in Applied Mathematics
Advisor: Gerald Brown, Department of Operations Research
Co-Advisor: Craig Rasmussen, Department of Applied Mathematics
Second Reader: Jeffrey Kline, Department of Operations Research
This thesis introduces a planning system that decides which missiles to load on which deploying ships to maxi-
mize their campaign effectiveness across all anticipated operational theater war plans. Currently, operational 
planners manually identify missile loadouts and ship assignments with little to no metric to identify if a better 
plan exists. The load plans must be robust with respect to a range of potential missions and conflicts (we do 
not get to choose the war we must fight) and must provide adequate defensive ability for each ship and offen-
sive ability of groups of ships. We consider about 30–40 customer combatants with Mark 41, Mark 57, or any 
other Vertical Launching System (VLS) variant to appear, including ships home-ported in the United States 
as well as forward-deployed units. The Excel-based planning system accounts for several factors, including 
the nine types of missiles; the limits on the number of each missile type available; the limits on the amount of 
swapping of missiles between ships; the compatability of certain missile types with certain VLS modules on 
certain ships; and the possible need to spread certain missiles equitably among ships. The system is fast, easy 
to understand and use, and operates on Navy Marine Corps Intranet computers. Full Text
Keywords: Vertical Launching System, VLS, missiles, ships, threats, missions, deployment cycle, optimiza-
tion, war plans
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ANALYSIS OF BROADBAND METAMATERIAL SHIELDING 
FOR COUNTER-DIRECTED ENERGY WEAPONS
Chester Hewitt––– Lieutenant, United States Navy
Master of Science in Applied Physics
Advisor: Dragoslav Grbovic, Department of Physics
Second Reader: James Luscombe, Department of Physics
Since the dawn of warfare, arms and armor have been locked in a never-ending struggle for dominance. A 
new development in that struggle is the advent of high-power microwave (HPM) directed-energy weapons 
(DEWs), which can disrupt electronics remotely with great accuracy without the need to inflict kinetic dam-
age. Given the importance of electronics in modern warfare, the ability to rapidly develop a counter to such 
weapons will be essential to sustaining military operations. This thesis investigates the use of microwave-
absorbent metamaterials for protection against DEWs and proposes a method for the rapid analysis and de-
sign of metamaterial structures. The proposed method uses a parameter retrieval algorithm to characterize a 
complex metamaterial as a simple, homogenized structure. The retrieved parameters can then be applied to 
a smooth, homogenized layer in a finite element model, which closely approximates the performance of the 
original metamaterial analyzed. The homogenized layer model requires far less time and effort to simulate 
than a complex metamaterial unit cell. The retrieved parameters are applicable to simulated scale models as 
well, thus reducing the need for physical, scale-model prototypes and accelerating the design process to keep 
pace with rapidly emerging threats. Full Text
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ENGAGEMENT IN CARE DURING ACTIVE DUTY HIV TREATMENT
Samuel Brad––– Ensign, United States Navy
Master of Science in Applied Science (Operations Research)
Advisor: Andrew Anglemyer, Department of Operations Research
Second Reader: Lyn Whitaker, Department of Operations Research
Human immunodeficiency virus (HIV) infection is a serious illness that affects individuals, including mili-
tary personnel, all over the world. If left unchecked, HIV has dangerous implications for a patient’s immune 
health, eventually progressing to Acquired Immunodeficiency Syndrome (AIDS). The purpose of this analy-
sis was to determine how effective the U.S. military is at reaching 90% viral suppression in its HIV-positive 
service members. The main goal was to determine which factors contribute to reaching viral suppression. 
Using Kaplan-Meier survival function estimates and Cox proportional hazards models, it was determined that 
service members who initiated treatment under more inclusive policies were more likely to reach viral sup-
pression. The probability of viral suppression between services (Army, Navy, Air Force, and Marine Corps) 
was not significantly different. Identifying the factors that are important to reaching viral suppression in a 
closed military population may prove to be beneficial in understanding the limits of HIV transmission and its 
elimination through early treatment. Full Text
Keywords: HIV, AIDS, military, viral suppression, 90-90-90, engagement in care, Kaplan-Meier estimation, 
Cox proportional hazards models
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SECURE INFRASTRUCTURE-LESS NETWORK (SINET)
This paper has been recognized as outstanding by its department
Micah Akin––– Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: John Gibson, Department of Computer Science
Military leaders and first responders desire the familiarity of commercial off-the-shelf lightweight mobile 
devices while operating in the environments of the modern battlefield and disaster sites. Both environments 
pose a significant challenge for command and control since they lack reliable or secure communication in-
frastructure. Routine and simple mobile information-sharing tasks become a challenge over the cumbersome 
and expensive radios currently available to first responders and the military. To fill this gap, there is a need 
for secure, well-connected, lightweight, and mobile handheld computing devices with simple and familiar in-
terfaces. This research explores the current Department of Defense requirements for security, existing secure 
tactical radios, and mobile device technologies. Furthermore, we investigate if Android devices might provide 
a solution. Specifically, we investigate the promising technology of Wi-Fi Direct on Android devices to build 
a secure network using a homogeneous Wifi mesh. We find that mobile devices running Android 6.0 API 23 
cannot build a multi-hop homogeneous Wifi mesh without obtaining root permission. We recommend two 
methods for overcoming this limitation. The most promising method involves embedded devices providing a 
secure, lightweight, and mobile infrastructure through a homogenous Wifi mesh. Full Text
Keywords: MANET, mesh, infrastructure-less networks, denied or degraded network environment, secure
DATABASE SYSTEM DESIGN AND IMPLEMENTATION FOR 
MARINE AIR-TRAFFIC-CONTROLLER TRAINING
Anthony Ambriz–– Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Neil Rowe, Department of Computer Science
Second Reader: Arijit Das, Department of Computer Science
This project focused on the design, development, and implementation of a centralized electronic database 
for air-traffic-controller (ATC) training within the Marine Corps. The Marine Corps currently has individual 
electronic training database-management systems at the unit level. The existing training database-manage-
ment systems are client based, unstandardized, and have significant data-entry redundancy. We developed a 
centralized system that is scalable and capable of supporting detailed training statistics. We identified several 
critical features required for successful implementation and developed a system capable of importing and pro-
cessing existing training data. We analyzed an existing training database-management system used at the unit 
level and developed methods for accurately exporting the existing system’s stored generic data. We processed 
the raw data and properly migrated the data to a prototype database-management system, which involved 
processing for proper data integrity, database normalization, and enforcing unique record-identifier usage. We 
developed a front-end graphical user interface to interact with the developed system and the stored training 
data. Future system improvements include migration to a military network, adaptation by additional units, and 
full integration with the Navy’s Visual Information Display System. Full Text





Keywords: Marine Corps, ATC, Air Traffic Control, MACCS, TMS, training database-management system, 
T&R, training and readiness, paperless records, MPR, MACCS Performance Records, databases, MOS
A COOPERATIVE IDS APPROACH AGAINST MPTCP ATTACKS
Warren Barksdale III–– –First Lieutenant, United States Army
Master of Science in Computer Science
Advisor: Geoffrey Xie, Department of Computer Science
Second Reader: John Fulp, Department of Computer Science
Recent thesis work by a Naval Postgraduate School graduate has proven that intrusion detection systems (IDS) 
can be defeated by leveraging Multipath Transmission Control Protocol (MPTCP). Furthermore, the ability to 
enhance a single IDS to better detect and defend against attacks leveraging MPTCP was presented. However, 
large organizations and entities have multiple IDSs that may not communicate or share connection informa-
tion. We assume an attacker will launch an attack that leverages MPTCP’s ability to connect a source and 
destination over multiple paths, and that the paths intentionally traverse through different IDSs on the target’s 
network. We validate related work regarding enhancing an IDS to reconstruct MPTCP subflows and detect 
malicious content. Next, we build physical testbeds in order to present a methodology that allows distributed 
IDSs to cooperate in a manner that permits effective detection of such attacks. Full Text
Keywords: MPTCP, IDS, distributed IDS, IPS
NETWORK OF TAMCNS: IDENTIFYING INFLUENCE 
REGIONS WITHIN THE GCSS-MC DATABASE
Victor Castro––– Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Second Reader: Arijit Das, Department of Computer Science
The Global Combat Support System-Marine Corps (GCSS-MC) enables the logistics and supply chain man-
agement system for the United States Marine Corps. This system allows leaders, operators, maintainers, and 
suppliers to work together on a common platform and provides transparency and situational awareness in the 
logistics and supply cycle. The data associated with the GCSS-MC is stored in a database. As the size of the 
data increases, challenges arise in obtaining insights into large data sets and its impact on network infrastruc-
ture. Network science identifies relationships between objects and provides tools to quantitatively determine 
objects whose influence impacts other objects or the system as a whole. This thesis applies network science 
techniques to determine important Table of Authorized Material Control Numbers (TAMCNs) in the GCSS-
MC database, according to their impact on other TAMCNs in the database based on degree, eigenvector, 
betweenness, and closeness centrality. Additionally, this thesis develops a formula to rank components from 
most to least important. We further develop a process to identify pertinent tables within the database and ex-
port the information to create a complex network containing multiple layers that analyze various attributes as-
sociated with GCSS-MC. We find that the methodology identifies the most important TAMCN and provides a 
list of TAMCNs in order of importance. We also analyze the community and core structure of the GCSS-MC 
complex network and identify influential TAMCN regions in the database. Full Text
Keywords: GCSS-MC, database, centrality, influence, graph, network science
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LOG ANALYSIS USING SPLUNK HADOOP CONNECT
Boulat Chainourov––– Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Neil Rowe, Department of Computer Science
Co-Advisor: Arijit Das, Department of Computer Science
The purpose of this research it to use Splunk and Hadoop to do timestamp analysis on computer logs. Splunk 
is a commercial data analytics tool. Hadoop is a system for large-scale distributed storage and processing. 
This research ingested computer logs from two kinds of forensic data from the Real Data Corpus to estab-
lish a baseline and find anomalies. We analyzed timestamps and EventIDs on more than 2,000 logs across 
hundreds of drives. Additionally, we used packet captures from Center for Applied Internet Data Analysis to 
test Hadoop’s ability to store and transfer data between Hadoop Distributed File System and Splunk. We used 
Splunk Hadoop Connect for data transfer between a Splunk server and a Hadoop cluster. Splunk was able to 
effectively identify and represent statistical anomalies in log files. These anomalies could reveal misconfigu-
ration, security concerns, or unusual but harmless traffic. Splunk could also easily transfer data to relatively 
inexpensive commodity servers using Splunk Hadoop Connect. Full Text
Keywords: Splunk, Hadoop, log analysis, timestamp analysis, event viewer, computer security, big data, analyt-
ics, forensics, cyber forensics
MOBILE COMPUTING SOLUTIONS FOR EFFECTIVE AND EFFICIENT 
GENERATION AND DISSEMINATION OF TACTICAL OPERATIONS ORDERS
Paul Haagenson––– Major, United States Marine Corps
Master of Science in Computer Science
Advisor: John Gibson, Department of Computer Science
Co-Advisor: Gurminder Singh, Department of Computer Science
Leaders of all grades and occupational specialties in the Marine Corps and throughout the military issue 
operations orders to communicate intended action in tactical environments. Despite advances in communi-
cation and mobile computing technology, most leaders in austere environments still create orders with pen 
and paper and disseminate them verbally or with manual copying. This process is inefficient and error-prone. 
We propose an Android application, the Tactical Operations Order Tool-Handheld, to increase the effective 
development and dissemination of tactical operations orders by expeditionary leaders. Our research utilizes 
the author’s experience as an instructor and practitioner in conjunction with Marine Corps and Joint doctrine, 
to establish a new paradigm for capturing, storing and transmitting the informational elements of an opera-
tions order. We developed a working technology demonstrator that incorporates a new object-oriented data 
structure into existing open-source mobile technology to provide a framework for future development and 
testing. We received positive feedback on the initial application design, and early results indicate time savings 
over the manual process in excess of 50%. We believe that a fully implemented version of this capability has 
the potential to increase mission planning effectiveness, decrease errors, and save tens of thousands of person-
hours annually. Full Text
Keywords: operations, orders, mobile, application, Android, five paragraph, mobile, map, software
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INVESTIGATING BACKGROUND PICTURES FOR PICTURE GESTURE AUTHENTICATION
Pauline Monroy––– Civilian, Department of the Navy
Master of Science in Computer Science
Advisor: Paul Clark, Department of Computer Science
Co-Advisor: Alan Shaffer, Department of Information Sciences
The military relies heavily on computer systems. Without a strong method of authentication to access these 
systems, threats to confidentiality, integrity, and availability of government information are likely to be more 
successful. A recent method of authentication for the Windows 8 and Windows 10 operating systems is picture 
gesture authentication (PGA), a new approach to entering a password to authenticate a user during system 
login. Each PGA password is composed of three gestures that are drawn over a picture chosen by the user. 
Strength requirements are set for PGA passwords similarly to text-based passwords. For simplicity, users 
tend to use shapes, colors, and objects in a picture, called points of interest (POI), as guidance when creating 
each gesture for their password. This concept provides an opportunity for potential hackers to make logical 
password guesses, decreasing the security of PGA. Previous work on PGA security used a proprietary brute-
force algorithm to guess passwords based on POIs. We present a similar brute-force algorithm that is publicly 
available. We evaluate the efficiency of the new algorithm against various background pictures and propose 
strength requirements to improve the security of PGA. Full Text
Keywords: password, authentication, picture gesture authentication, background picture, strength require-
ments
DEEP LEARNING FOR MEDIA ANALYSIS IN DEFENSE SCENARIOS—
AN EVALUATION OF AN OPEN-SOURCE FRAMEWORK FOR OBJECT 
DETECTION IN INTELLIGENCE-RELATED IMAGE SETS
This paper has been recognized as outstanding by its department
Taylor Paul––– Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Mathias Kolsch, Department of Computer Science
Second Reader: Michael McCarrin, Department of Computer Science
The Department of Defense struggles to develop and maintain cutting-edge software through the Defense 
Acquisition System. The pace of improvements in machine learning algorithms and software suggests the 
organization will fail to rapidly develop systems incorporating the latest innovations to meet its intelligence-
related media analysis needs. In contrast, the trend of industry and academia releasing algorithms and software 
under permissive licenses bestows defense organizations with an opportunity. These groups can potentially 
overcome resource shortfalls and long acquisition timelines by implementing machine learning solutions with 
open-source software. We test this hypothesis by employing an open-source software library to evaluate pub-
licly available deep learning algorithms on three prior defense-related datasets. We then compare performance 
of deep convolutional neural networks to past methods for detecting AK-47s, ships, and screenshots in im-
ages. Applying proven algorithms through the software framework, we test three object detectors that exceed 
or match classification performance for all three experiments in a third of the development time available to 
designers of the previous algorithms. We relate these tests to defense scenarios in order to provide a logical 
argument and empirical measure of the utility of open-source machine learning frameworks to meet the De-
partment of Defense’s intelligence-related media analysis needs. Full Text
Keywords: deep learning, machine learning, object detection, computer forensics, open source, TensorFlow
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MOBILITY FOR GCSS-MC THROUGH VIRTUAL PCS
Steven Thompson––– Major, United States Marine Corps
Master of Science in Computer Science
Advisor: Arijit Das, Department of Computer Science
Co-Advisor: Gurminder Singh, Department of Computer Science
The ability for Marines to access Global Combat Support System-Marine Corps (GCSS-MC) through mobile 
devices such as tablets and smart phones would greatly improve their productivity. Mobile device access to 
GCSS-MC would allow Marines to access a required program for their mission using a form of computing 
device with which they are most familiar. Currently, there is not an approved mobile application designed 
for use with GCSS-MC or any approved mobile access method. Our research shows that the use of virtual 
personal computers (VPCs) to access applications such as GCSS-MC is a secure and technologically feasible 
method to provide mobile access to GCSS-MC. By using VPCs, thin clients, such as mobile devices, are able to 
access computationally strenuous and high-network throughput applications with a device running on various 
operating systems with limited computational ability. The use of VPCs leads to a reduced need for network 
throughput and faster overall execution. Full Text
Keywords: GCSS-MC, enterprise resource planning, virtual personal computer
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ECONOMIC PREPARATION OF THE ENVIRONMENT: A SELECTIVE 
EMPIRICAL ANALYSIS OF CHINESE INVESTMENT IN THE PHILIPPINES
This paper has been recognized as outstanding by its department
Tanner Fleck––– Major, United States Army
Jonathan Wissler–––– Major, United States Army
Master of Science in Defense Analysis
Advisor: Douglas Borer, Department of Defense Analysis
Second Reader: Dan Cunningham, Department of Defense Analysis
Over the past decade, the People’s Republic of China has increasingly used its economic might as a means of 
influence to pursue grand strategic objectives that some scholars believe are aimed at countering U.S. pres-
ence and influence in the Asia-Pacific region. This thesis examines two aspects of Chinese economic strategy, 
foreign direct investment and development aid, in the context of the Philippines, which represents the primary 
U.S. foothold in the region. Using geospatial, link, and social network analysis techniques to examine a data 
set of Chinese investments in the Philippines from 2006 to 2016, this thesis attempts to answer the following 
question: What evidence does China’s investment in the Philippines contribute to the understanding of Chi-
na’s grand strategic objectives? We find that these Chinese investments support and expand China’s ability to 
monitor and control South China Sea access points, and provide interpersonal channels for Chinese influence 
over Philippine decision-making through the cultivation of allies within the economic arena. We recommend 
that U.S. diplomatic and defense officials view these and other Chinese international investments as a type of 
economic preparation of the environment designed to establish access/forward presence and build strategic 
relationships for future military and/or diplomatic exploitation. Full Text
Keywords: economic statecraft, Chinese investment, outward direct investment, China, Philippines, prepara-
tion of the environment, grand strategy
MINDING THE FACTORS OF PUBLIC SUPPORT: HOW LESSONS 
FROM PANAMA COULD PREVENT FUTURE IRAQS
Michael Handlan–– –Major, United States Army
Michael Salazar––– Major, United States Army
Master of Science in Defense Analysis
Advisor: Anna Simons, Department of Defense Analysis
Second Reader: Glenn Robinson, Department of Defense Analysis
This thesis poses the question: under what conditions can the United States government gain and maintain 
public support for the use of force? This thesis contends that public support for the use of force is a byproduct 
of the interactions among four factors: the articulation of clearly defined political objectives, an appropriate 
strategy to enable the accomplishment of those political objectives, proper strategic cooperation, and the per-
ceived legitimacy of the conflict. To demonstrate how national-level decision-makers can gain and maintain 
public support for the use of force, by appropriately addressing these factors, this thesis compares Operations 
Just Cause and Promote Liberty in Panama with Operation Iraqi Freedom. In both instances, the United 
States sought regime change, and many of the key decision-makers were the same. Yet the United States fared 
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much better in Panama than Iraq. A closer examination of our four factors—policy, strategy, strategic coop-
eration, and legitimacy—helps explain why. Full Text
Keywords: Operations Just Cause and Promote Liberty, Operation Iraqi Freedom, policy, strategy, strategic 
cooperation, legitimacy, public support, civil-military relations, Just War theory
STRATEGIC USEFULNESS OF CONVENTIONAL FORCE/SPECIAL 
OPERATIONS FORCE INTERDEPENDENCE IN IRREGULAR WARFARE
Eric King––– Major, United States Army
Matthew White––– Major, United States Army
Master of Science in Defense Analysis
Advisor: Hy Rothstein, Department of Defense Analysis
Second Reader: Douglas Borer, Department of Defense Analysis
Over the past 15 years, the United States has been involved in many irregular conflicts worldwide. The most 
prominent of these conflicts occurred in Iraq and Afghanistan, where both conventional forces (CF) and spe-
cial operations forces (SOF) were deployed on a large scale. As the United States attempted to figure out how 
to deal with these insurgencies and irregular threats, CF and SOF were often interdependent with one another. 
These interdependent operations often had tactical success, but strategic gains have proved elusive and it is un-
clear what effect these actions have had on SOF and their ability to counter irregular threats. Other conflicts, 
such as Operation Enduring Freedom-Philippines (OEF-P), only saw the employment of SOF to counter 
the irregular threats. This independent operation allowed SOF to remain flexible and bolster the Philippine 
government through an indirect approach. While interdependence is being applauded by both CF and SOF 
leaders from experiences in Iraq and Afghanistan, this thesis suggests that SOF may gain the greatest strategic 
utility in irregular wars when operating independently against irregular threats. Full Text
Keywords: special operations forces, conventional forces, interdependence, hybrid warfare, Global War on 
Terror, Operation Enduring Freedom, Operation Iraqi Freedom, Afghanistan, Iraq, Philippines, irregular 
warfare, indirect approach
THE HUMAN DRONES OF ISIS: HOW 21ST CENTURY 
TERRORISM USES REMOTE WARFARE
Charles Noble––– Major, United States Army
Daniel Sigler––– Major, German Army
Master of Science in Information Strategy and Political Warfare 
and 
Master of Science in Defense Analysis
Advisor: Doug Borer, Department of Defense Analysis
Second Reader: Craig Whiteside, Naval War College
Over the course of a few short years, the Islamic State of Iraq and Syria (ISIS) expanded from Iraq and Syria 
into North Africa and South and Southeast Asia. This group initially took advantage of the chaos created by 
the Syrian civil war and the sectarian fractures of Iraq. ISIS sought to control territory and establish a new ca-
liphate. The group set forth a clear strategy, one based on violence, extremism, and fear. It also made its way to 
Europe through attacks in Belgium, France, Germany, and other European countries. While terrorism is not 
a new phenomenon in Europe, there is a question of why ISIS would seek to conduct extra-territorial attacks 
if the main goal was to establish sovereignty in Syria and Iraq. These wide-ranging attacks can be defined as a 
form of remote warfare, specifically remote terrorism. Remote terrorism allows ISIS and similar organizations 
to enjoy the same capabilities that remote warfare provides nation-states. Therefore, the basic hypothesis for 
this research is: terrorist groups that seek to control or already control territory will also use remote warfare 
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to conduct extra-territorial attacks. This thesis will not develop a completely new theory of remote warfare. 
Rather, it will consider case studies, and conduct cross-case comparisons in order to identify gaps in existing 
remote warfare theory. It will further establish remote terrorism as a unique domain within an existing con-
cept of remote warfare. This will be done through the examination of terror attacks in Europe—specifically 
Paris, Brussels, and Nice—conducted by ISIS. Full Text
Keywords: remote warfare, remote terror, ISIS, terrorism, NATO, SOF, Special Operations
LOST IN TRANSLATION: LESSONS FROM COUNTERTERRORISM FOR A 
MORE PROACTIVE WEAPONS OF MASS DESTRUCTION STRATEGY
This paper has been recognized as outstanding by its department
Erik Stanfield––– –Major, United States Army
Master of Science in Defense Analysis
Advisor: Leo Blanken, Department of Defense Analysis
Second Reader: Zachary Davis, Department of National Security Affairs
In August 2016, President Obama directed U.S. Special Operations Command (USSOCOM) to take the lead 
in synchronizing Department of Defense plans for countering weapons of mass destruction (WMD), thus or-
chestrating a shift in national strategy. Under this new role, USSOCOM signaled an intent to increase military 
efforts to identify and prevent proliferation threats from metastasizing into crises. This approach represents 
a turn from USSOCOM’s prevailing emphasis on WMD crisis response. But what are the conditions under 
which military contributions—in collaboration with other U.S. government agencies—enhance the national 
strategy to counter WMD acquisition, development, and proliferation prior to a crisis? USSOCOM offers a 
unique perspective in addressing this question, based on its experience synchronizing military counterterror-
ism plans since 2003. This study analyzes USSOCOM’s role in counterterrorism strategy and evaluates the 
application of this experience to counter-WMD strategy. The research generates two conclusions. First, fric-
tion caused by varied meanings and understandings of organizational language can be overcome by educating 
the force on language already in use and emphasizing WMD threat pathways as the shared calibration point 
between organizations. Second, USSOCOM can improve counter-WMD strategy by replacing rigid command 
hierarchies with a networked, interorganizational response unified around specific threats. Full Text 
Keywords: weapons of mass destruction, countering weapons of mass destruction, nonproliferation, counter-
proliferation, consequence management, organizational language, collaboration, networked organization, U.S. 
Special Operations Command, interagency
THE MORAL OBLIGATION TO EXPLORE THE MILITARY USE OF 
PERFORMANCE-ENHANCING SUPPLEMENTS AND DRUGS
Chris Wigger–––– Major, Royal Netherlands Marine Corps
Patricia Oelschlager–––– Major, United States Armed Forces
Master of Science in Defense Analysis 
and 
Master of Science in Information Strategy and Political Warfare
Advisor: Bradley Strawser, Department of Defense Analysis
Co-Advisor: Anna Simons, Department of Defense Analysis
Special Operations Forces (SOF) are closely involved with many of the military’s developments to maintain 
a high-readiness force. SOF emphasizes proper training and education, high physical and mental fitness, and 
proper moral awareness. In that respect, performance-enhancing supplements or drugs (PES/D) can make a 
major contribution and be a next step in military development. But what is the impact of such a step? Accept-
ing or even experimenting with PES/Ds will have far-reaching effects and raises medical, legal, and, above 
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all, ethical concerns. In light of this, our research question is: could conditions be met such that it is morally 
justifiable to allow Special Operations Forces to use performance-enhancing supplements or drugs to improve 
individual capabilities, develop greater resiliency, and expand the overall performance of SOF units, and, if so, 
what are the implications? To answer this question, this thesis reviews scholarly literature on the ethics and 
history of the military’s use of drugs, drug and supplement factsheets, and survey of SOF members who would 
be the potential test systems. We contend that there are ethically permissible uses for PES/Ds within the 
military and by SOF in particular. Moreover, our examination of a sampling of SOF attitudes toward such use 
likewise supports our conclusion. Based on our findings, we assess that the broader SOF community should 
be open and willing to engage in the research and testing necessary to see whether such a conclusion deserves 
to stand. To that end, the type of PES/Ds, the extent of their use, and the conditions under which they would 
be utilized need to be explored through more rigorous testing under safe but realistic conditions. Full Text 
Keywords: performance-enhancing supplements and drugs, PES/Ds, human enhancement, cognitive en-
hancers, physical enhancers, supplements, drugs, gene therapy, legislation, ethics, moral responsibility, special 
operation forces, SOF, Dutch special forces, U.S. special forces, military development, resiliency, POTFF, 
USSOCOM
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QUADROTOR INTERCEPT TRAJECTORY PLANNING AND SIMULATION
Robert Allen––––– Lieutenant, United States Navy
Master of Science in Electrical Engineering
Advisor: Xiaoping Yun, Department of Electrical and Computer Engineering
Co-Advisor: Marcello Romano, Department of Mechanical and Aerospace Engineering
Second Reader: Robert Hutchins, Department of Electrical and Computer Engineering
Quadrotor drones pose a safety hazard when operated in or near controlled airspace. A hazardous quadrotor 
could be intercepted and removed by another quadrotor. In this thesis, we seek to determine if optimal con-
trol methods outperform missile control methods when applied to a quadrotor drone performing an intercept 
with a moving target. This is achieved by simulating the intercept of a target with a quadrotor and comparing 
the performance of several online trajectory planners. Two missile control–based trajectory planners, pur-
suit guidance and proportional navigation, are compared against an optimal control trajectory planner. The 
time and energy used by a simulated quadrotor to intercept a target are the performance measures used for 
comparison. The trajectory planners use a three-degree-of-freedom model, and the simulated quadrotor uses 
a six-degree-of-freedom model. Each trajectory planner is compared in a crossing, head-on, and tail-chase 
geometry. All of the online results are compared to an off-line optimal solution. The results show that the 
off-line optimal control method performs better than the online trajectory planners, regardless of intercept 
geometry type. The proportional navigation planner has the best performance of the online trajectory plan-
ners. Full Text 
Keywords: quadrotor drone, micro interceptor, trajectory planner, optimal control, missile guidance law, in-
tercept trajectory, optimal trajectory
NONLINEAR FEEDBACK CONTROL OF THE ROTARY INVERTED PENDULUM
Ellen Bradford––––– Ensign, United States Navy
Master of Science in Electrical Engineering
Advisor: Xiaoping Yun, Department of Electrical and Computer Engineering
Co-Advisor: James Calusdian, Department of Electrical and Computer Engineering
The inverted pendulum, a popular problem of study, is presented in many textbooks as a nonminimum phase 
system. The majority of control algorithms for this problem include linearizing the system about a fixed oper-
ating point. In this thesis, a nonlinear form of control is considered. A model for the rotary inverted pendulum 
system was derived and validated by comparing simulations using the derived equations to experimental data. 
The system parameters were tuned until the simulation and experimental data fit. A feedback linearization 
controller was then designed based on the model derived. The simulated implementation of the feedback 
linearization was successful but indicated continuous motion of the system. The experimental results of the 
feedback linearization controller were less successful than simulations. The simulated results also indicated 
unstable zero dynamics of the system, which were characterized and confirmed to be unstable. Finally, an 
intuitive fix was applied to add terms to the feedback linearization controller to account for the zero dynam-





ics. The results of this controller in simulation were successful but did not produce a substantially different 
response in the experimental system Full Text 
Keywords: inverted pendulum, nonlinear feedback, zero dynamics
INVESTIGATING THE FEASIBILITY OF CONDUCTING HUMAN 
TRACKING AND FOLLOWING IN AN INDOOR ENVIRONMENT USING 
A MICROSOFT KINECT AND THE ROBOT OPERATING SYSTEM
Rebecca Greenberg––––– Ensign, United States Navy
Master of Science in Electrical Engineering
Advisor: Xiaoping Yun, Department of Electrical and Computer Engineering
Co-Advisor: James Calusdian, Department of Electrical and Computer Engineering
Human detection, tracking, and following is one application in which computer vision can be relevant to ro-
botics. By using a sequence of images, a human can be found, and that human’s movement can be followed. 
The Microsoft Kinect, one of the most successful color image and depth (RGB-D) sensors, is known for its 
human detection capabilities and has multiple software development kits available. The objective of this thesis 
was to determine if it was feasible to implement human tracking and following on a mobile robot in an indoor 
environment. Specifically, the tracking was conducted with the Microsoft Kinect and a specific software de-
velopment environment, Robot Operating System (ROS) and MATLAB. ROS was utilized to run the drivers 
for the robot and the Microsoft Kinect, while MATLAB was utilized to run the algorithms and experiments. 
The skeleton-tracking capabilities of the Kinect were utilized as the main tracking system. An auxiliary meth-
od was created by using histograms of depth and region properties to segment a person from a depth image. 
The indoor robot was able to successfully track and follow a person through the indoor environment using the 
raw sensor data and a combination of the two tracking methods. Full Text 
Keywords: robot, Robot Operating System, Kinect, P3-DX, human detection, human tracking and following
ACHIEVING SINK NODE ANONYMITY IN TACTICAL WIRELESS SENSOR 
NETWORKS USING A REACTIVE ROUTING PROTOCOL
Thomas Haakensen–––– –Major, United States Marine Corps
Master of Science in Electrical Engineering
Advisor: Preetha Thulasiraman, Department of Electrical and Computer Engineering
Second Reader: Murali Tummala, Department of Electrical and Computer Engineering
A wireless sensor network (WSN) collects and routes information from the environment to an aggregation 
point, known as a sink node. The sink node processes the information or acts as a gateway to forward informa-
tion to another network. Due to its essential role in the network, the sink node is a high-priority target for an 
attacker who wishes to disable a WSN. In this thesis, we focus on the mitigation of sink-node vulnerability in a 
WSN. Specifically, in this thesis, we study the issue of protecting the sink node through anonymity techniques. 
In particular, we use a technique known as k-anonymity. To achieve k-anonymity, we use a specific rout-
ing protocol designed to work within the constraints of WSN communication protocols, specifically IEEE 
802.15.4. We use and modify the Lightweight On-Demand Ad hoc - Next Generation (LOADng) reactive-
routing protocol to achieve anonymity. This modified protocol prevents an attacker from identifying the sink 
node without adding significant complexity to the regular sensor nodes. We simulate the modified LOADng 
protocol using a custom-designed simulator in MATLAB. We demonstrate the effectiveness of our protocol 
and also show some of the performance tradeoffs that come with this method. Full Text 
Keywords: Sink node anonymity, base station anonymity, Wireless Sensor Networks, WSN, Mobile Ad hoc 
Network, MANET, Lightweight Ad hoc On-Demand - Next Generation, LOADng
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VARIOUS EFFECTS OF EMBEDDED INTRAPULSE 
COMMUNICATIONS ON PULSED RADAR
Allison Hunt––––– Ensign, United States Navy
Master of Science in Electrical Engineering
Advisor: Ric Romero, Department of Electrical and Computer Engineering
Co-Advisor: Zachary Staples, Department of Electrical and Computer Engineering
Despite the ubiquity of networked and radio frequency–emitting devices in the maritime domain, a robust 
understanding of the maritime cyber environment has not yet been fully developed. One particular area of 
interest within this larger environment is that of co-channel interference between radar and communications 
systems. The effects of a relatively low-power in-band communications interferer on a high-power radar are 
investigated. Software simulation is used to determine the probability of detection and power spectral density 
of the combined radar-communications signal for a pulsed radar. Additionally, the impact of an interfering 
communications signal on the range-Doppler map of a pulse Doppler radar is investigated. The perspective 
of a radar operator in a maritime environment is also considered. In all cases, the communications signal is 
parameterized by the radar-to-communications power ratio (RCR) and the symbol-rate-to-bandwidth ratio 
(SRBR). Finally, software simulation is validated for the probability-of-detection case by implementing the 
radar detector on a field-programmable gate array (FPGA) similar to what would be used in a radar receiver. In 
all cases, embedded communications are found to have relatively little effect on radar performance. Full Text 
Keywords: communications, radar, interference, probability of detection
A NEW TECHNIQUE FOR ROBOT VISION IN AUTONOMOUS UNDERWATER 
VEHICLES USING THE COLOR SHIFT IN UNDERWATER IMAGING
Jake Jones––––– Lieutenant Commander, United States Navy
Master of Science in Electrical Engineering
Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
Co-Advisor: Xiaoping Yun, Department of Electrical and Computer Engineering
Developing a technique for underwater robot vision is a key factor in establishing autonomy in underwater 
vehicles. A new technique is developed and demonstrated to depict an underwater scene in three dimensions 
for use in underwater robot vision. This technique uses passive lighting and the optical properties of water to 
approximate distances between objects in a scene. Beer’s Law is used to describe the change in intensity that 
light at different wavelengths experiences as it travels through water. If the intensities can be measured, then 
Beer’s Law provides sufficient information to estimate the unknown distance. Applying the equation pixel by 
pixel to compare two images produces distances from the camera to everything in the image. A shift in color 
caused by the uneven absorption of each wavelength is similar to comparing the intensities. The color shift 
produces a relative distance between objects in the scene rather than distances from the camera to the objects. 
This relative distance may be combined with other techniques to determine the distances from each pixel to 
the camera. Full Text 
Keywords: unmanned undersea vehicles, UUVs, autonomous underwater vehicles, AUVs, robot vision, au-
tonomy, visual odometry, underwater color shift, optical properties of water
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APPLICATION OF THIN FILM PHOTOVOLTAIC CIGS CELLS TO EXTEND 
THE ENDURANCE OF SMALL UNMANNED AERIAL SYSTEMS
Matthew Lai––––– Lieutenant, United States Navy
Master of Science in Electrical Engineering
Advisor: Sherif Michael, Department of Electrical and Computer Engineering
Second Reader: James Calusdian, Department of Electrical and Computer Engineering
Vulnerability and unknowns are characteristic of all military missions. With an end goal to enhance situ-
ational awareness and provide the military unit an advantage, small unmanned aerial systems (SUAS) have 
been utilized to provide surveillance and reconnaissance information. A noteworthy restriction of SUAS is 
the constrained flight endurance due to their limited onboard battery capacity. Currently, most military SUAS 
are dependent on their onboard battery supply, which limits flight time to about 60 to 200 minutes before the 
vehicle must land for replacement or recharge of its battery. The integration of photovoltaic (PV) cells onto 
SUAS has been proven to extend their flight endurance. In this project, we extended the flight endurance by 
supplementing the onboard battery with encapsulated copper-indium-gallium di-selenide (CIGS) thin-film 
photovoltaic (TFPV) cells. The completely incorporated framework was tentatively tested to demonstrate the 
practicality and constraints of supplementing the onboard battery source with a PV array. Due to our limited 
access to the Puma unmanned aerial vehicle (UAV), our estimate of the Puma’s extended flight endurance 
with PV array is hypothesized based on its operational manual and the operating experience of the Evolving 
Resources Incorporated (ERI). On that basis, we conclude that the inclusion of the CIGS TFPV cells theo-
retically exceeds the power consumption of the Puma UAV. The Puma’s estimated flight-time endurance is 
dramatically increased, creating an indefinite day-flight time under ideal sunny conditions as compared to its 
original 200 minutes. We recommend further study and testing of the integration of CIGS TFPV cells with 
the Puma UAV or other Group 1 SUAS. Full Text 
Keywords: photovoltaics, thin film photovoltaics, solar, unmanned aerial vehicle, small unmanned aircraft 
systems, situational awareness, intelligence, surveillance, reconnaissance, Puma RQ-20B DDL
OPTIMIZED GRANULARITY ANALYSIS OF MAXIMUM POWER 
POINT TRACKERS IN LOW POWER APPLICATIONS
Joseph Madren–––– –Captain, United States Marine Corps
Master of Science in Electrical Engineering
Advisor: Sherif Michael, Department of Electrical and Computer Engineering
Second Reader: Robert Ashton, Department of Electrical and Computer Engineering
Increasing energy consumption through the growing use of low-power electric devices in the U.S. military 
makes augmentation with solar energy an attractive solution due to its versatility, sustainability, and relatively 
low cost. In variable environmental conditions, solar panels generate unpredictable voltages and currents, 
however, which often results in power loss. Employing a maximum-power point tracker (MPPT) decouples 
the source and load, resulting in maximum power generation and transfer. Using Simulink, we modeled three 
solar array configurations and tested for the Puma AE II Small Unmanned Aerial System (SUAS) to determine 
optimum MPPT granularity. Distributing three MPPTs on the main wing and another on the horizontal stabi-
lizer permitted solar panel coverage on all of the available surface area. The MPPT model tracked within 99% 
of theoretical power generation and transferred approximately 95% of generated power to the battery during 
peak environmental conditions. This configuration provided the maximum power augmentation to the SUAS 
battery and can extend the endurance of the Puma SUAS significantly depending on environmental condi-
tions, electrical load requirements, and other factors. Another conclusion is that more power can be generated 
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with higher-efficiency cells, but the 15% Copper Indium Gallium Selenide (CIGS) cells modeled proved to be 
an economical approach to augmenting electrical demands on SUAS. Full Text 
Keywords: MPPT, SUAS, solar efficiency, expeditionary energy, sustainable energy
ENTROPY-BASED FILE TYPE IDENTIFICATION AND PARTITIONING
Calvin Paul––––– Civilian, Armaments Corporation of South Africa (Armscor)
Master of Science in Electrical Engineering
Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
Co-Advisor: Monique Fargues, Department of Electrical and Computer Engineering
The need for file identification and partitioning in the digital forensic, reverse engineering, and security ana-
lyst fields cannot be overstated. In this research, we investigate the use of the Shannon entropy profile derived 
from the file expressed in byte format to characterize specific file types and identify file segments based on 
entropy-level changes. The process consists of two stages. In the first stage, a binary representation of the file 
is partitioned into chunks of fixed-length data bytes and processed to extract the entropy profile. In the second 
stage, the detrended fluctuation analysis method is applied to determine the level of structure in the entropy 
profile. The Haar continuous wavelet transform is then used to partition the files identified as highly struc-
tured into areas of distinct changes in entropy level. Experimental results show that the proposed approach is 
effective in identifying file types and partitioning in segments of different entropy levels. Full Text 
Keywords: file type identification, file partitioning, entropy, feature vector, detrended fluctuation analysis, 
DFA, Haar continuous wavelet, statistical measure
DESIGN AND IMPLEMENTATION OF A HIGH-FLUX PHOTONEUTRON 
CONVERTER FOR ANALYSIS OF FAST NEUTRON RADIATION 
DAMAGE ON GALLIUM NITRIDE TRANSISTORS
Connor Westrick––––– Ensign, United States Navy
Master of Science in Electrical Engineering
Advisor: Todd Weatherford, Department of Electrical and Computer Engineering
Co-Advisor: Frank Harmon, Idaho State University
Second Reader: Matthew Porter, Department of Electrical and Computer Engineering
Gallium Nitride (GaN) is known for its wide-energy bandgap of 3.4 eV and its high efficiency as a semicon-
ductor, which makes it a prime material for high-power, high-frequency, and low-noise systems. Specifically, 
GaN high-electron-mobility transistors (HEMTs) have seen an increase in popularity due to their two-dimen-
sional electron gas, which allows for increased mobility of undoped GaN. In this work, GaN HEMTs were 
irradiated with a fluence of 2x1016 n/cm2 while maintaining a 99 percent fast-to-thermal neutron ratio. There 
were three phases to this work. The first was the design and fabrication of a photoneutron converter. The 
second was the design and implementation of a device testing suite in order to characterize the GaN HEMTs 
before, during, and after the experiment. The last was the analysis of the data showing the relationship of the 
electrical and physical characteristics of the devices with respect to the fast neutron fluence. The damage was 
also analyzed using a total displacement calculation for each layer of the device. The GaN HEMTs linearly 
degraded due to the high energy neutron displacements within the heterojunction layers. Full Text 
Keywords: fast neutrons, non-ionizing radiation, gallium nitride, high electron mobility transistors, flux, flu-
ence, radiation, linear accelerator
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OCULOMETRIC SCREENING FOR TRAUMATIC BRAIN INJURY IN VETERANS
Christinea Wagner––––– Captain, United States Army
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Advisor: Meghan Kennedy, Department of Operations Research
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Second Reader: Maheen Adamson, Defense and Veterans Brain Injury Center
A collaborative project between the Naval Postgraduate School (NPS), the Veterans Affairs Palo Alto Health 
Care System (VAPAHCS), the Defense and Veterans Brain Injury Center (DVBIC), and neuroFit, Inc., was 
developed to 1) assess the efficacy of the Comprehensive Oculometric Behavioral Response Assessment (CO-
BRA) as a screening method for mild-to-moderate Traumatic Brain Injury (TBI) in veterans and 2) evaluate 
the usability of the neuroFit Oculometric Neurological Examination (ONE) device in military medical facili-
ties. COBRA metrics used to characterize oculometric signs associated with TBI came from two published 
samples: a 41-subject control sample and a 34-subject civilian TBI sample comprising mild (loss of conscious-
ness [LOC]<30 min), moderate (30 min<LOC<24 h), and severe (LOC>24 h) TBIs. The control sample was 
compared to the eight-subject veteran TBI sample (age range: 27–55 years; eight males) from the VAPAHCS, 
comprising mild (n=7) and moderate (n=1) TBI diagnoses and posttraumatic amnesia (PTA) (n=4). Results 
demonstrated a significant (p =.02) difference between the control and veteran TBI samples. COBRA metrics 
accurately detected TBIs at a rate of 77%. Results indicate that the COBRA method is viable for TBI screening 
in military medical facilities and may be suitable for diagnosing chronic visual problems related to mild and 
moderate TBI. Full Text 
Keywords: traumatic brain injury, TBI, screening, oculomotor, eye tracking, Comprehensive Oculometric 
Behavioral Response Assessment, COBRA, veterans, Veterans Affairs (VA)
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CONDITIONS FOR MISSION COMPLETION IN LOW INTENSITY 
CONFLICT: OPERATION ENDURING FREEDOM-PHILIPPINES
James McCabe––––– Major, United States Army
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Second Reader: Leo Blanken, Department of Defense Analysis
In 2015, the United States officially concluded combat operations in the Philippines, ending the 14-year mis-
sion. The general view among experts is that Operation Enduring Freedom-Philippines (OEF-P) achieved its 
underlying objectives, and the U.S. government concluded combat operations determining that OEF-P met 
U.S. strategic goals. This research highlights the phases leading to the conclusion of Joint Special Operations 
Task Force-Philippines and the sustainability of the Philippine government’s continuing operations to counter 
violent extremist activity. Has the impact of persistent engagement (operations) and building partner capacity 
(relationships) set the conditions for a peaceful future of the southern islands in the Philippines? Although 
the official determination of success has led to the completion of OEF-P, this thesis shows it is possible that 
operations did not remove the root causes of threats from violent extremist organizations. Full Text 
Keywords: Operation Enduring Freedom-Philippines, OEF-P, Joint Special Operations Task Force- Philip-
pines, JSOTF-P, interagency partners, low intensity conflict, foreign internal defense, information warfare
THE HUMAN DRONES OF ISIS: HOW 21ST CENTURY 
TERRORISM USES REMOTE WARFARE
Charles Noble––––– Major, United States Army
Daniel Sigler––––– Major, German Army
Master of Science in Information Strategy and Political Warfare 
and 
Master of Science in Defense Analysis
Advisor: Doug Borer, Department of Defense Analysis
Second Reader: Craig Whiteside, Naval War College
Over the course of a few short years, the Islamic State of Iraq and Syria (ISIS) expanded from Iraq and Syria 
into North Africa and South and Southeast Asia. This group initially took advantage of the chaos created by 
the Syrian civil war and the sectarian fractures of Iraq. ISIS sought to control territory and establish a new ca-
liphate. The group set forth a clear strategy, one based on violence, extremism, and fear. It also made its way to 
Europe through attacks in Belgium, France, Germany, and other European countries. While terrorism is not 
a new phenomenon in Europe, there is a question of why ISIS would seek to conduct extra-territorial attacks 
if the main goal was to establish sovereignty in Syria and Iraq. These wide-ranging attacks can be defined as a 
form of remote warfare, specifically remote terrorism. Remote terrorism allows ISIS and similar organizations 
to enjoy the same capabilities that remote warfare provides nation-states. Therefore, the basic hypothesis for 
this research is: terrorist groups that seek to control or already control territory will also use remote warfare 
to conduct extra-territorial attacks. This thesis will not develop a completely new theory of remote warfare. 
Rather, it will consider case studies, and conduct cross-case comparisons in order to identify gaps in existing 
remote warfare theory. It will further establish remote terrorism as a unique domain within an existing con-
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cept of remote warfare. This will be done through the examination of terror attacks in Europe—specifically 
Paris, Brussels, and Nice—conducted by ISIS. Full Text
Keywords: remote warfare, remote terror, ISIS, terrorism, NATO, SOF, Special Operations
THE MORAL OBLIGATION TO EXPLORE THE MILITARY USE OF 
PERFORMANCE-ENHANCING SUPPLEMENTS AND DRUGS
Chris Wigger–––– –Major, Royal Netherlands Marine Corps
Patricia Oelschlager––––– Major, United States Armed Forces
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and 
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Special Operations Forces (SOF) are closely involved with many of the military’s developments to maintain 
a high-readiness force. SOF emphasizes proper training and education, high physical and mental fitness, and 
proper moral awareness. In that respect, performance-enhancing supplements or drugs (PES/D) can make a 
major contribution and be a next step in military development. But what is the impact of such a step? Accept-
ing or even experimenting with PES/Ds will have far-reaching effects and raises medical, legal, and, above 
all, ethical concerns. In light of this, our research question is: could conditions be met such that it is morally 
justifiable to allow Special Operations Forces to use performance-enhancing supplements or drugs to improve 
individual capabilities, develop greater resiliency, and expand the overall performance of SOF units, and, if so, 
what are the implications? To answer this question, this thesis reviews scholarly literature on the ethics and 
history of the military’s use of drugs, drug and supplement factsheets, and survey of SOF members who would 
be the potential test systems. We contend that there are ethically permissible uses for PES/Ds within the 
military and by SOF in particular. Moreover, our examination of a sampling of SOF attitudes toward such use 
likewise supports our conclusion. Based on our findings, we assess that the broader SOF community should 
be open and willing to engage in the research and testing necessary to see whether such a conclusion deserves 
to stand. To that end, the type of PES/Ds, the extent of their use, and the conditions under which they would 
be utilized need to be explored through more rigorous testing under safe but realistic conditions. Full Text 
Keywords: performance-enhancing supplements and drugs, PES/Ds, human enhancement, cognitive en-
hancers, physical enhancers, supplements, drugs, gene therapy, legislation, ethics, moral responsibility, special 
operation forces, SOF, Dutch special forces, U.S. special forces, military development, resiliency, POTFF, 
USSOCOM
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UNMANNED TACTICAL AUTONOMOUS CONTROL AND 
COLLABORATION SITUATION AWARENESS
This paper has been recognized as outstanding by its department
Carl Beierl––––– Captain, United States Marine Corps
Devon Tschirley–––– –Captain, United States Marine Corps
Master of Science in Systems Technology (Command, Control, and Communications) 
and 
Master of Science in Information Warfare Systems Engineering
Advisor: Dan Boger, Department of Information Sciences
Co-Advisor: Scot Miller, Department of Information Sciences
The Unmanned Tactical Autonomous Control and Collaboration (UTACC) program is a Marine Corps Warf-
ighting Laboratory initiative to build a Marine-robotic collaborative infantry fire team. The impact of robotic 
teammates on the situation awareness (SA) of the fire team is a central concern for this program. The prolif-
eration of SA enhancing technology to the lowest echelons of Marine infantry forces often involves a tradeoff 
between focused and distributed SA due to limited attention resources. UTACC seeks a means to measure SA 
tradeoffs due to the incorporation of robots into infantry fire teams. This thesis reviews present models of 
individual and team SA that are applicable to the military infantry environment and proposes individual and 
team models of SA that address the unique requirements of UTACC. The authors then applied SA principles 
to Coactive Design in order to inform robotic design. The result is a methodology framework using interde-
pendence analysis (IA) tables for informing design requirements based on SA requirements. Future research 
should seek to develop additional IA tables for the entirety of the Marine Corps infantry fire team mission 
set. Full Text 
Keywords: Unmanned Tactical Autonomous Control and Collaboration, UTACC, situation awareness, situ-
ational awareness, SA, team situational awareness, shared situational awareness, coactive design, interdepen-
dency, interdependence analysis, common ground, shared mental model, human robot interaction
UNMANNED TACTICAL AUTONOMOUS CONTROL AND COLLABORATION 
(UTACC) HUMAN-MACHINE INTEGRATION MEASURES OF 
PERFORMANCE AND MEASURES OF EFFECTIVENESS
Thomas Kulisz––––– Major, United States Marine Corps
Robert Sharp––––– Captain, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Advisor: Dan Boger, Department of Information Sciences
Co-Advisor: Scot Miller, Department of Information Sciences
The Marine Corps Warfighting Lab’s Unmanned Tactical Autonomous Control and Collaboration (UTACC) 
program seeks to integrate Marines and autonomous machines to address the challenges encountered in the 
complex battlefield environment of the twenty-first century. In order to harness its combat capabilities, the 
Marine–machine team must be able to communicate. Successful integration of the Marine–machine team re-
lies on choosing the right interfaces to achieve man–machine communication, whether they be audio, visual, 
haptic, electromagnetic, or some method yet discovered. This thesis seeks to help determine the correct sensor 
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suite needed to address the information exchange requirements for a successful Marine–machine team. The 
authors conducted their research using a top-down approach that started at the doctrinal level and finished 
with the Marine Corps Tasks List. The result is a recommended table of measures of effectiveness (MOEs) and 
measures of performance (MOPs) for insertion into the Marine Corps Task List to evaluate the communica-
tion nodes utilized by the Marine–machine team. Future research should seek to develop additional MOEs/
MOPs deemed necessary for the progress of UTACC. Full Text 
Keywords: UTACC, robotics, autonomy, reconnaissance, Marine Corps task list, metrics, measures of effec-
tiveness, measures of performance
UNMANNED TACTICAL AUTONOMOUS CONTROL AND 
COLLABORATION (UTACC) IMMEDIATE ACTIONS
This paper has been recognized as outstanding by its department
Michael Wilcox––––– Captain, United States Marine Corps
Cody Chenoweth–––– –Captain, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Advisor: Dan Boger, Department of Information Sciences
Co-Advisor: Scot Miller, Department of Information Sciences
Unmanned tactical autonomous control and collaboration (UTACC) is a Marine Corps research enterprise to 
cultivate a system of systems (SoS) that works alongside other human team members. UTACC is being specifi-
cally designed to reduce cognitive demand on the warfighter. It will accomplish this by working with the Ma-
rines instead of working for them. The two aims of this thesis are to (1) analyze interdependence requirements, 
utilizing coactive design of a Fire Team with UTACC unmanned systems in an immediate action drill; and (2) 
create a suggested list of design and implementation requirements for the UTACC SoS with specific focus on 
situations involving immediate actions. Resilience in this instance is incorporated by designing flexibility into 
the system. Interdependent relationships, described as observability, predictability, and directability, develop 
teamwork and provide this flexibility for the overall system. Advancements within the robotics industry have 
traditionally focused on autonomy so that the machine can accomplish tasks independent of others. The focus 
of coactive design is the creating and managing of the interdependent relationships rather than relying on 
the machine’s carrying out independent tasks autonomously. Additionally, utilization of the coactive design 
process provides a means of determining cost-effective development areas that will direct the way forward in 
developing a system that accomplishes immediate action drills for contact with the enemy. Full Text 
Keywords: UTACC, autonomy, coactive design, joint teaming, human-machine collaboration, information 
and data exchange requirements, observability, predictability, directability
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ANALYSIS OF BODY MASS INDEX AND FIRST-TERM 
ATTRITION OF NAVY ENLISTED PERSONNEL
Chinomso Asonye–––– –Lieutenant, United States Navy
Master of Science in Management
Advisor: Elda Pema, Graduate School of Business and Public Policy
Co-Advisor: William Hatch, Graduate School of Business and Public Policy
Sailors often separate from the Navy, despite their best efforts to stay, because they do not meet the Navy’s 
physical standards, which are not always enforced or adequately measured during routine assessments. This 
research examines the relationship between Navy enlisted recruits’ body mass index (BMI) and their likeli-
hood of first-term attrition. A model that controls for characteristic and demographic factors compares the 
difference between those who enlisted prior to September 11, 2001, and those who enlisted afterward. The 
data includes sailors who entered up to September 30, 2009 to capture those who would have been able to ful-
fill a complete four-year term of service. The analysis reviews the possible relationship that exists between the 
physical standards and attrition. The findings show there is a positive correlation between physical standards 
and attrition. The research recommends a policy change to the standards for Navy BMI more closely tied with 
the type of recruits who enter the Navy. Additionally, it is beneficial to look at what types of sailors are exceed-
ing the Navy standard and their likelihood of attrition. Only the most capable recruits should be entering the 
service to increase their likelihood of completing their first term. Full Text 
Keywords: attrition, body mass index, manpower, first-term attrition, training, navy, regression analysis, readi-
ness
A STUDY ON FACTORS AFFECTING NAVY OFFICERS’ DECISIONS TO PURSUE 
FUNDED GRADUATE EDUCATION: A QUALITATIVE APPROACH
Kimberly Fowler–––– –Lieutenant, United States Navy
Master of Science in Management
Advisor: Simona Tick, Graduate School of Business and Public Policy
Co-Advisor: Gail Thomas, Graduate School of Business and Public Policy
Co-Advisor: William Hatch, Graduate School of Business and Public Policy
This thesis examines if adjusting the service obligation for officers who pursue advanced-level degrees has 
the potential to increase returns on investment from Navy-funded graduate education. Using a qualitative 
approach of focus groups and one-on-one interviews with 35 Naval Postgraduate School (NPS) resident 
students, this thesis aims to identify the primary factors Navy officers consider when deciding to attend fully 
funded graduate education at NPS, how these factors vary by communities and years of commissioned service, 
and how the decision to attend NPS might be impacted by a change in service requirements. The depth of 
answers from the study participants provides valuable feedback about officers’ perceptions of value and costs 
related to Navy-funded graduate education and highlights the differences in these perceptions among officer 
communities. As a result of the study, it is recommended that the Navy not add more than six months of ser-
vice obligation, as doing so may have a negative effect on an officer’s decision to accept a graduate education 
opportunity and, as a result, the decision to retain. The findings can be used by policymakers to make more 
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informed decisions on how to fund and obligate service members who choose fully funded graduate educa-
tion. Full Text 
Keywords: Navy-funded graduate education, minimum service obligation, returns from fully funded graduate 
education, unrestricted line officers, Naval Postgraduate School, NPS
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NOVEL PARADIGM SUPERCAPACITORS V: SIGNIFICANCE OF 
ORGANIC POLAR SOLVENTS AND SALT IDENTITIES
This paper has been recognized as outstanding by its department
David Backer–––– –Commander, United States Navy
Master of Science in Mechanical Engineering
Advisor: Jonathan Phillips, Department of Physics
Second Reader: Claudia Luhrs, Department of Mechanical and Aerospace Engineering
This thesis is part of an ongoing program exploring the means to improve the performance, particularly 
energy and power density, of super dielectric materials (SDM)–based Novel Paradigm (NP) Supercapacitors. 
The underlying hypothesis is that replacing aqueous solutions with higher-voltage-breakdown organic polar 
solvents (OPS) can increase energy density. Combinations of three different OPS and four salts were studied, 
as well as mixtures of OPS and aqueous solvents and organic salts. The NP Supercapacitors were tested for 
capacitor performance as a function of frequency. The effectiveness of the OPS solutions was determined by 
evaluating the energy density, power density, capacitance, and dielectric constant as a function of time. The 
three OPSs evaluated in this study successfully attained operating voltages in the range of 3.0–5.0 volts. These 
results are significantly higher than realized in previous studies, which maxed out at 2.3 volts. However, the 
higher voltages did not result in higher energy and power densities, as the best results attained were in the 
range of 90–155 J/cmᵌ  and 700–950 W/cmᵌ, respectively. These results are significantly lower than realized 
in previous studies by our team but still higher than the results presented in the general literature for all capaci-
tor types, with the exception of a few prototype graphene-based supercapacitors. Full Text 
Keywords: capacitor, super dielectric material, titanium dioxide, nanotube, sodium chloride, potassium ni-
trate, boric acid, sodium nitrate, n-methyl-2-pyrrolidone, dimethyl sulfoxide, propylene carbonate, ethylenedi-
aminetetraacetic acid
NEUTRON PROTECTION FACTOR DETERMINATION AND VALIDATION FOR 
A VEHICLE SURROGATE USING A CALIFORNIUM FISSION SOURCE
This paper has been recognized as outstanding by its department
Jacob Glesmann– –Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Joseph Hooper, Department of Physics
Co-Advisor: Craig Smith, Department of Physics
This thesis describes the work completed to determine and validate the neutron protection factor (NPF) of 
an armored vehicle surrogate using the Lawrence Livermore National Laboratory’s (LLNL) Cf-252 Radiation 
Calibration Laboratory (RCL). The NPF, a component of the total radiation protection factor (RPF), is used 
to evaluate the inherent shielding and radiation protection of military personnel from a polyenergetic neutron 
source. When the NPF is properly combined with the Gamma Protection Factor, which characterizes the ef-
fect of an associated gamma environment, the resultant RPF provides essential information on the total radia-
tion protection afforded by a vehicle or structure to personnel within. To increase personnel survivability, the 
Navy, Army and Defense Threat Reduction Agency (DTRA) are interested in NPFs for applications involving 
forward-deployed vehicles or vessels in environments where neutron radiation is present. Such radiation envi-





ronments can result from the detonation of a nuclear weapon or radiological dispersal device or the conditions 
following a non-weapon radiation accident calling for humanitarian or disaster-relief missions. NPFs are fo-
cused only on the neutron radiation environment and exclude other nuclear weapon effects, such as the ther-
mal destruction zone or firestorms created by nuclear weapons. The results from the fluence measurements at 
LLNL’s Calibration Facility were used to validate computational models—namely, the MCNP-6 Monte Carlo 
code. Through validation, DTRA, the Navy, and the other military services can use computational codes for 
determining NPFs for a diverse fleet of military vehicles. Full Text 
Keywords: radiation protection, radiation shielding, radiation protection factor, neutron protection factor, 
gamma protection factor, GPF, radiation dosimetry, fluence to dose conversion coefficients, flux to dose con-
version coefficients
IMPLEMENTATION OF A MULTI-ROBOT COVERAGE ALGORITHM 
ON A TWO-DIMENSIONAL, GRID-BASED ENVIRONMENT
Jo-Wen Huang––––– Lieutenant, Taiwan Navy
Master of Science in Mechanical Engineering
Advisor: Brian Bingham, Department of Mechanical and Aerospace Engineering
Second Reader: Wei Kang, Department of Applied Mathematics
With the development and advancement in the technology of control and multi-robot systems, robot agents 
are likely to take over mine countermeasure (MCM) missions one day. The path planning coverage algorithm 
is an essential topic for research; the combination of an efficient algorithm and accurate sensors can save time 
and human lives. The objective of this work is to implement a path planning coverage algorithm for a multi-
robot system in a two-dimensional, grid-based environment. We assess the applicability of a topology-based 
algorithm to the MCM mission. First, we provide an overview of multi-robot coverage algorithms. Second, we 
select one algorithm, analyze it, and test its performance. Then the algorithm is evaluated in nine experiments 
using different numbers of robots and obstacles. Finally, the results are assessed by how much time the steps 
took and how many free points are not visited when the algorithm is finished. The outcome indicates that ef-
ficiency decreases as the number of robots or obstacles increases. This thesis concludes with recommendations 
for ways to improve the efficiency of the algorithm as well as how to perform the experiments cost-effectively 
in a real environment. Full Text 
Keywords: path planning, exact cellular decompositions, multi-robot coverage algorithm, mine countermea-
sure
TERMINAL HOMING POSITION ESTIMATION FOR 
AUTONOMOUS UNDERWATER VEHICLE DOCKING
Mkuseli Mqana––––– Armaments Corporation of South Africa (Armscor)
Master of Science in Mechanical Engineering
Advisor: Douglas Horner, Department of Mechanical and Aerospace Engineering
Second Reader: Sean Kragelund, Department of Mechanical and Aerospace Engineering
This study aims at developing an improved methodology for position estimation by which sparse, erroneous, 
and inconsistent sensor observations can be utilized for Autonomous Underwater Vehicle (AUV) terminal 
homing to an undersea docking station. An undersea docking station offers great potential for increasing AUV 
at-sea time and reducing survey costs. A key part of this system is the ability of the AUV to successfully dock. 
Part of the process for successful docking is AUV position estimation. The Digital Ultra-Short Baseline (D-
USBL) is a sensor system used by the AUV to provide range and bearing measurements to the docking station. 
These measurements can be used by the AUV to improve its position estimate. Due to the nonlinearity of the 
D-USBL measurements, the Extended Kalman Filter (EKF), Unscented Kalman Filter (UKF), and forward 
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and backward smoothing (FBS) filter were utilized to estimate the position of the AUV. After performance 
of these filters was deemed unsatisfactory, a new smoothing technique called the Moving Horizon Estimation 
(MHE) with epi-splines was introduced. The MHE smoothing filter used the dead-reckoning measurements 
and the D-USBL measurements as constraints in the epi-splines optimization method. The analysis, based on 
data sets of REMUS 100 AUV docking station runs, was conducted using the MHE/epi-splines methodology 
and compared to EKF and UKF algorithms. The MHE/epi-splines algorithm demonstrated significantly bet-
ter performance than the EKF and UKF. Full Text 
Keywords: Position Estimation, EKF, UKF, FBS, MHE, epi-spline, docking station, technique, USBL, mea-
surements, REMUS, AUV
REDUCTION EXPANSION SYNTHESIS OF CHROMIUM AND NICKEL METAL COATINGS
Christopher Pelar––––– Lieutenant, United States Coast Guard
Master of Science in Mechanical Engineering
Advisor: Jonathan Phillips, Department of Physics
Second Reader: Claudia Luhrs, Department of Mechanical and Aerospace Engineering
This thesis represents a step forward in a program to provide the Department of Defense (DoD) with alter-
native approaches to the production of anti-corrosion metal coatings. Specifically, a method was developed 
to make micron-thick but irregular nickel coatings on iron, based on Reduction Expansion Synthesis (RES) 
chemistry. Previous success using RES processes to make sub-micron nickel, iron, and alloy particles provided 
a general direction to the program and led to the successful protocol. Physical mixtures of nickel (II) oxide 
particles and urea were used to create a paste. The paste was coated on an iron foil, which was briefly heated 
to 1100°C in an inert atmosphere. Also described are partially successful attempts to develop a RES protocol 
to chrome-coat iron. This is motivated by the need to eliminate the carcinogenic intermediate in the current 
electrolytic technology, hexavalent chromium. Full Text 
Keywords: Reduction Expansion Synthesis (RES), metal coating, chrome coating, nickel coating
POWDER-BASED SUPERDIELECTRIC MATERIALS FOR NOVEL CAPACITOR DESIGN
Clayton Petty––––– Lieutenant Junior Grade, United States Navy
Master of Science in Mechanical Engineering
Advisor: Jonathan Phillips, Department of Physics
Second Reader: Anthony Gannon, Department of Mechanical and Aerospace Engineering
This thesis is part of a continuing effort to improve upon the performance and fabrication methods of 
powder-based superdielectric material (PSDM) capacitors. This thesis reports the performance as a func-
tion of discharge time for very thin films of aqueous NaCl solution–saturated silica gel films spread within 
holes of a very thin (16 μm) polymer sheet. The most significant finding is that these PSDM capacitors 
have unprecedented, functional dielectric values for this thickness and excellent power and energy densities 
(≈90 J/cmᶟ). Earlier PSDM studies indicated that thicknesses <300 μm PSDMs have extremely high dielectric 
values. However, performance of these capacitors extrapolated to very thin dielectric layers was still unknown. 
This study recorded dielectric values of up to 1x10⁹ for layers on the order of 10 microns thick. In addition, 
this study provides unique required engineering data regarding the performance of superdielectric material 
as a function of discharge time. In summation, PSDM capacitors were successfully tested as a function of 
frequency and form factor for various thicknesses. Full Text 
Keywords: capacitor, material science
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A SOLAR BRAYTON CYCLE WITH METAL PHASE CHANGE THERMAL STORAGE
Barrett Roof–––– –Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Anthony Gannon, Department of Mechanical and Aerospace Engineering
Second Reader: Garth Hobson, Department of Mechanical and Aerospace Engineering
The Department of the Navy has prioritized the establishment of a robust renewable energy platform for its 
installations. Solar energy has emerged in a way that has provided viable alternatives. The use of solar energy, 
however, poses a problem of maintaining continuity of power during hours when sunlight is not available. 
The development of Thermal Energy Storage, while addressing this problem, introduces complexities that 
can reduce overall plant efficiency. This research aims to simplify the plant design in a way that minimizes 
such complexities and maximizes efficiency. The research in this thesis explores a new design that integrates 
static molten metal baths with the solar collector. The proposed initial design is centered on a simple open-air 
Brayton cycle. Aluminum was selected as the phase change metal, providing latent heat to the air in the col-
lector during hours of non-daylight through freezing. The research focuses on the thermodynamic analysis 
of the system, initial collector design requirements, and minimum volumetric requirements of the aluminum 
phase change metal. An analytical and numerical flow optimization study of the system was performed for 
comparison to design calculations. Full Text 
Keywords: thermal energy storage, TES, thermodynamics, heat transfer, fluid dynamics
PRESSURE DISTRIBUTION AND PERFORMANCE IMPACTS OF 
AEROSPIKE NOZZLES ON ROTATING DETONATION ENGINES
This paper has been recognized as outstanding by its department
Mark Schnabel––––– Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Christopher Brophy, Department of Mechanical and Aerospace Engineering
Second Reader: David Dausen, Department of Mechanical and Aerospace Engineering
Rotating detonation engines (RDEs) have the potential to further increase the performance of air-breathing 
propulsion devices and are currently being explored as an option for missions with wide altitude and flight 
Mach number ranges. Aerospike nozzles lend themselves well to this type of application because they possess 
altitude-compensating characteristics. However, the effects of the unsteady nozzle inlet dynamics associated 
with RDEs on aerospike nozzle performance have not been fully determined. Consequently, aerospike nozzle 
design has not yet been optimized for RDE applications. A contoured aerospike nozzle was designed for 
implementation on a RDE to examine the effect of ideal aerospike profiles on RDE performance. Currently, 
no nozzle design technique accounts for transient throat conditions inherent in RDE operation. Therefore, 
the nozzle contour was designed using a traditional, steady-state design methodology at both on- and off-
design conditions anticipated throughout the combustion cycle. Steady-state, non-reacting computational fluid 
dynamics (CFD) simulations were performed on various nozzle geometries over multiple pressure ratios to 
investigate the flow field structure along the nozzle contour and justify design tradeoffs. Future work is needed 
to implement this nozzle design to investigate the effect of RDE-specific flow fields on nozzle performance. 
Full Text 
Keywords: rotating detonation engine, continuous detonation engine, pressure gain combustion, aerospike 
nozzle, plug nozzle, computational fluid dynamics
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CONTROL SYSTEM DEVELOPMENT FOR POWER GENERATION 
FROM SMALL-SCALE COMPRESSED AIR ENERGY STORAGE
Todd Vranas––––– Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Anthony Gannon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Andrea Holmes, Department of Physics
This thesis is the development of an industrial control system to enable autonomous operation of the electrical 
generator for a small-scale compressed air energy storage system (SS-CAES). The purpose of the SS-CAES is 
to facilitate electrical energy storage at Department of the Navy (DoN) facilities using preexisting compressed 
air systems. Development of the control system focused on designing a robust control program that was scal-
able to enable application to a broad range of facilities. The control system accomplished scalability through 
a single control program by utilizing scalable commercial-off-the-shelf (COTS) hardware components. The 
possible use of the SS-CAES for providing emergency electrical power requires the control system to be ca-
pable of a dark start. The term “dark start” refers to a power generation system that does not require electrical 
energy in the form of batteries or external power to begin operation. Dark start systems have the potential to 
store energy for extended periods of time without maintenance. The implementation of this control system 
with retrofitted compressed air systems at DoN facilities increases the viability of SS-CAES, enabling storage 
of electrical power produced by solar and wind generation. Full Text 
Keywords: compressed air, energy storage, small scale, electrical generation, supercapacitor, programmable 
logic controller, solenoid, relay, voltage transducer, dark start
AUTOMATED CONTROL OF A SOLAR MICROGRID-POWERED AIR COMPRESSOR 
FOR USE IN A SMALL-SCALE COMPRESSED AIR ENERGY STORAGE SYSTEM
This paper has been recognized as outstanding by its department
Joshua Williams––––– Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Anthony Gannon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Andrea Holmes, Department of Physics
As part of the Office of Naval Research’s study of advanced energy technologies, this research examined the 
development and implementation of a control system for the compression phase of a small-scale compressed 
air energy storage system, using a solar-powered microgrid to store energy as compressed air for later use. The 
compression system is composed of numerous commercial-off-the-shelf components wherever possible. All 
electronic components must also be able to communicate with the control system for proper operation. An 
industrial control system was selected for robustness, with an attached human-machine interface for system 
indications. The compression system is powered by a solar microgrid that temporarily stores energy in ultraca-
pacitors. This allows the compression system to run even when the available solar radiance is not sufficient to 
power the compressor directly. By monitoring the ultracapacitors and the available solar radiance, the control 
system can maximize the compressor run time during a given solar cycle, enabling the system to store the 
maximum amount of energy possible. This research demonstrates the use of a small-scale compressed air en-
ergy storage system as a viable long-term energy storage solution for microgrid applications. Full Text 
Keywords: compressed air, solar, energy storage, automation, industrial control
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ANALYSIS OF TROPICAL CYCLONE INITIALIZATION IN COAMPS-TC FOR 
HURRICANE PATRICIA (2015) UTILIZING TCI EXPERIMENT DATASETS
Kevin Breach––––– Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Eric Hendricks, Department of Meteorology
Second Reader: Russell Elsberry, Department of Meteorology
From 21 to 23 October 2015, Eastern Pacific Hurricane Patricia underwent a period of extreme rapid inten-
sification that both hurricane specialists and numerical weather prediction models failed to predict, including 
the Navy operational model for hurricane prediction, the Coupled Ocean/Atmosphere Mesoscale Prediction 
System for Tropical Cyclones (COAMPS-TC). Fortunately, the Office of Naval Research–funded Tropical 
Cyclone Intensity initiative collected high-spatial-resolution in-situ and remotely sensed data during Patricia’s 
rapid intensification. In order to understand the relationship between initial conditions and subsequent inten-
sity forecast errors, this study utilizes these datasets to validate the initial conditions in the multiply nested 
COAMPS-TC model at three synoptic times and finds three main conclusions. First, the structure of the out-
flow layer in the COAMPS-TC initial conditions at 1800 UTC 22 and 23 October did not include an observed 
equatorward outflow jet. Second, the maximum winds of the COAMPS-TC model vortex at 1800 UTC 21 
October were too weak. Finally, the initial vortex in the COAMPS-TC model at 1800 UTC 22 October had 
a radius of maximum winds that was too large, a warm core too low in elevation, and an outer circulation 
where the winds were too strong. While other factors may have contributed to the intensity forecast errors for 
Patricia, this study indicates that it is likely that the initial condition errors contributed significantly and illus-
trates the need for sophisticated data assimilation systems that can ingest high-density observations in order 
to improve TC intensity forecasting. Full Text 
Keywords: tropical cyclone, hurricane, Patricia, Eastern Pacific, TCI, COAMPS-TC, CTCX, initialization, 
NHC, National Hurricane Center, HDSS, dropsonde
PHYSICAL AND OPTICAL PROPERTIES OF ATMOSPHERIC 
AEROSOLS MEASURED FROM A COASTAL SITE
Eric Dridge––––– Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Haflidi Jonsson, Department of Meteorology
Co-Advisor: Qing Wang, Department of Meteorology
Improving the United States’ electromagnetic and electro-optical prediction capabilities is imperative to main-
taining a tactical advantage in the operational environment. The objective of this research is to estimate 
aerosol effects on radiative transfer through the atmosphere, particularly the contribution due to coastal surf-
generated aerosol, and will include the characterization and measurement of marine aerosols, especially in 
coastal regions. This research involves analysis of the aerosol data—specifically, the total extinction coef-
ficient, collected during CASPER (Coupled Air Sea Processes and Electromagnetic Ducting Research)-East 
from various sensors deployed off the coast of Duck, North Carolina, from 9 October 2015 to 6 November 
2015. Sea, land, and along-shore breeze periods were closely examined and compared by particle concentra-
tion, size and volume distribution, and through extinction coefficients. These data were then examined for 
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possible correlation with wind speed and direction. In sustained along-shore wind periods with an active surf 
zone, a large impact is observed on the optical effects of the aerosol. A strong transport barrier associated 
with sharp sea surface-temperature gradients was observed in unstable air during cold advection of land- and 
surf-contaminated aerosol. Full Text 
Keywords: CASPER, coastal aerosol, optical effects
FACTORS CONTRIBUTING TO THE INTERRUPTED DECAY OF HURRICANE 
JOAQUIN (2015) IN A MODERATE VERTICAL WIND SHEAR ENVIRONMENT
Adam Jorgensen––––– Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Eric Hendricks, Department of Meteorology
Second Reader: Russell Elsberry, Department of Meteorology
This study investigates the environmental factors and the internal processes that contributed to the interrupt-
ed rapid decay of Hurricane Joaquin (2015). In-situ data from the Office of Naval Research Tropical Cyclone 
Intensity field campaign, global and regional analyses, and satellite and microwave imagery provides a detailed 
picture of the environment surrounding Joaquin as well as the inner-core region during this period. Addition-
ally, a special dataset composed of 15-minute temporal frequency vertical wind shear values calculated from 
rapid-scan atmospheric motion vectors provides an unprecedented look at the high-spatial- and -temporal-
frequency nature of vertical wind shear and its role on tropical cyclone structure and intensity change. Utiliza-
tion of the high-temporal- and -spatial-resolution dropsonde datasets allowed calculations of the vertical tilt 
of Joaquin to investigate the internal processes. Vertical wind shear and environmental analysis for Hurricane 
Joaquin discloses a situation in which a major hurricane was able to interrupt a rapid decay based primarily on 
the relaxation of vertical wind shear, which allowed it to re-align in the low- to mid-troposphere. Further use 
of the 15-minute VWS calculations to model such a dynamic environmental factor should greatly aid models 
in accurately forecasting intensity and structure changes. Full Text 
Keywords: tropical cyclone, hurricane, Joaquin, vertical wind shear
SENSIBLE HEAT FLUX RELATED TO VARIATIONS IN ATMOSPHERIC 
TURBULENCE KINETIC ENERGY ON A SANDY BEACH
Jessica Koscinski––––– Lieutenant Commander, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Jamie MacMahan, Department of Oceanography
Second Reader: Qing Wang, Department of Meteorology
Two field experiments were conducted in the surf zone of Monterey Bay to explore the relationship between 
surf zone sea spray and sensible heat flux. Nine flux tripod towers with instrumentation designed to measure 
atmospheric wind speed and direction; temperature and relative humidity; and thermistor and pressure sen-
sors in the surf zone, were deployed throughout the two experiments. Data analysis showed that the ocean 
temperature was warmer than the air temperature and the environment was mildly unstable throughout most 
of the two experiments. The total data set was broken into 15-minute averages and limited to onshore winds 
over 3m/s and a stability range of  -5< ζ < 0.5, ζ being the non-dimensional height under Monin–Obukhov 
Similarity Theory. Sensible heat flux was calculated using the eddy covariance method and also using the 
Coupled Ocean-Atmosphere Response Experiment (COARE) 3.5 model, validated for the open ocean, and 
the results were compared. The model under-predicted measured results by over 50%. Sea spray sensible heat 
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was then calculated and added to the model results; the new comparison showed that the model was nearly the 
same as the measured results with sea spray sensible heat added. Full Text 
Keywords: Sensible heat flux, turbulence kinetic energy, surf zone
QUANTIFYING ELECTROMAGNETIC WAVE PROPAGATION 
ENVIRONMENT USING MEASUREMENTS FROM A SMALL BUOY
Andrew Sweeney––––– Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Qing Wang, Department of Meteorology
Second Reader: Wendell Nuss, Department of Meteorology
This thesis work is part of a major research effort, the Coupled Air Sea Processes and Electromagnetic (EM) 
ducting Research (CASPER), to understand air–sea interaction processes and their representation in predic-
tion models in order to quantify abnormal propagations of EM signals through the atmosphere. This thesis 
work focuses on the evaluation of the measurements from a small buoy, the Marine Air–Sea Flux (MAS-
Flux) buoy, for obtaining evaporation duct properties. MASFlux was deployed during CASPER-Pilot and 
CASPER-East field campaigns and was analyzed. This thesis demonstrated the measurement capability of 
MASFlux in revealing the near-surface gradient in scalars and wind together with atmospheric turbulence 
and surface waves in a minimally disturbed marine environment. The use of the MASFlux measurements as 
input to a Monin–Obukhov Similarity Theory evaporation duct model, such as the modified Coupled Ocean-
Atmosphere Response Experiment (COARE) model, was systematically evaluated using both CASPER-Pilot 
and East datasets. Finally, the value of MASFlux measurements to reveal the near-surface vertical profiles is 
demonstrated by employing data from multiple research platforms that provided concurrent/co-located data at 
different altitudes. This increased resolution at the air–sea interface provides greater accuracy for determining 
evaporation duct profiles, which is vital for producing accurate EM propagation models. Full Text 
Keywords: evaporation duct, CASPER, modified refractivity, air-sea interaction
EFFECT OF OCEAN INTERANNUAL VARIABILITY ON ACOUSTIC 
PROPAGATION IN THE PHILIPPINE SEA AND SOUTH CHINA SEA
Albert Yudono––––– Lieutenant, Indonesian Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Peter Chu, Department of Oceanography
Co-Advisor: Tetyana Margolina, Department of Oceanography
Effect of interannual variability of temperature and salinity on acoustic propagation in the Philippine Sea 
and South China Sea is investigated using the Navy’s climatological (T, S) dataset (i.e., Generalized Digital 
Environmental Model [GDEM]) and the Synoptic Monthly Gridded World Ocean Database (SMG-WOD) 
data from January 1960 to December 2014 and an open-source acoustic model (BELLHOP). The multi-year 
averaged monthly (T, S) profiles calculated from the SMG-WOD agree quite well with the GDEM with slight 
difference in upper layers, especially in thermoclines. The interannual variability of the transmission loss 
(TL) is identified using the BELLHOP model with the sound speed profiles calculated from the SMG-WOD 
and GDEM. Less TL was found in the convergence paths modelled from the SMG-WOD. Interannual (3–7 
years) variabilities were found in each decade. The TL does not show strong interannual variabilities over the 
convergence paths; however, the interannual variability will affect the TL between the convergence paths, in 
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the formation of surface duct, sound channels, and bottom bounce. The SMG-WOD data is more suitable to 
assess the interannual variability effect on the acoustic propagation. Full Text 
Keywords: interannual variability, Philippine Sea, South China Sea, thermohaline characteristics, sound speed, 
form of merit, acoustic transmission loss
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PROOF-OF-CONCEPT PART-TASK TRAINER TO ENHANCE SITUATION AWARENESS 
FOR INSTRUMENT APPROACH PROCEDURES IN AVIATION DOMAIN
Nicholas Arthur–––– –Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Amela Sadagic, MOVES Institute
Co-Advisor: Lee Sciarini, Department of Operations Research
The terminal environment in the aviation domain is referred to as the region within close proximity of airports. 
Performance in this environment leaves little room for error and requires that pilots are fully aware of their 
situation and surroundings. This is especially true when conducting an instrument approach (IA). Currently, 
United States Marine Corps KC-130J units do an exceptional job of training their pilots in this environment. 
However, the emergence of new technologies affords the opportunity to address shortfalls of legacy training 
approaches. To this end, this thesis uses a quasi-instructional systems design approach to develop a prototype 
IA part-task trainer (PTT) using commercial off-the shelf (COTS) systems to enhance current training meth-
ods to allow for training opportunities that are not limited by schedules or location. After the development 
of the PTT, subject-matter experts evaluated the prototype training system. Their feedback suggests that the 
system reliably recreated necessary cues (cockpit displays, environmental conditions, communications, time, 
and space) to build on users’ existing knowledge and support situation-awareness training for IA. Ultimately, 
the proof-of-concept prototype created for this thesis is envisioned to be part of a family of solutions capable 
of addressing existing training gaps in a cost-effective manner. Full Text 
Keywords: part-task trainer, instrument approach procedures, situation awareness, aviation, knowledge
MARINE LIGHT ATTACK HELICOPTER CLOSE AIR SUPPORT 
TRAINER FOR SITUATION AWARENESS
This paper has been recognized as outstanding by its department
John Gibson––––– Major, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Amela Sadagic, MOVES Institute
Second Reader: Michael Guerrero, MOVES Institute
In today’s dynamic combat environment, the importance of Close Air Support (CAS) has increased signifi-
cantly due to a greater need to avoid civilian casualties and fratricide while maintaining effective fire support 
for engaged friendly forces. Situation awareness (SA) is a skill that is extremely important in conducting CAS 
safely and effectively and is frequently one of the greatest deficiencies of new pilots. As budgets shrink and 
throughput on current training solutions remains very low, it is difficult to provide new CAS aviators with 
the number of training repetitions needed to gain SA proficiency. A tablet computer–based CAS part task 
trainer (PTT) to improve SA was developed to address this. This system provides the visual and audio stimuli 
of the CAS battlefield and trains a new pilot to observe the environment, listen to communications, compre-
hend what is happening, and make timely inputs based on his or her understanding of the overall situation. 
Throughout the training, the system provides questions to the student to evaluate the student’s level of SA and 
to emphasize key SA elements. The lessons delivered by the prototype CAS PTT suggest that it will be useful 
for teaching CAS situation awareness and improving the performance of new pilots. Continued development 
80
MODELING, VIRTUAL ENVIRONMENTS, AND SIMULATION
of a series of low-cost part task trainers that fill different training gaps could result in significant improvement 
in training future generations of aviators. Full Text 
Keywords: close air support, part task trainer, commercial-off-the-shelf systems, situation awareness, tablet-
based training solution, virtual environment
MODELING ENVIRONMENTAL IMPACTS ON COGNITIVE 
PERFORMANCE FOR ARTIFICIALLY INTELLIGENT ENTITIES
This paper has been recognized as outstanding by its department
Pierce Guthrie–––– –Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Lee Sciarini, Department of Operations Research
Co-Advisor: Michael Guerrero, MOVES Institute
Co-Advisor: Perry McDowell, MOVES Institute
The Marine Corps utilizes virtual simulations as a training tool for ground-combat operations. Currently, the 
artificial intelligence of simulation entities does not exhibit appropriate performance degradation due to envi-
ronmental conditions, such as heat and humidity. To address these gaps, this thesis reviews existing approaches 
to modeling the influence of environmental factors, specifically heat and humidity, on human performance in 
vigilance and attention tasks. We present a novel agent-behavior model that incorporates a modified A* search 
pathfinding algorithm based on empirical evidence of human information processing under the specified 
environmental conditions. Next, an implementation of the agent-behavior model is presented in a military-
relevant virtual game environment. We then outline a quantitative approach to test the agent-behavior model 
within the virtual environment. Results show that our human information processing–based agent-behavior 
model demonstrates plausible agent-performance degradation in hot, humid temperature environments when 
compared to paths around the danger area in mild temperature environments. The results of this research 
provide an approach for implementing an agent-behavior model that accounts for environmental impacts on 
cognitive performance. We recommend future work to validate the model in a human-subjects experiment to 
facilitate improving the realism of simulation training. Full Text 
Keywords: vigilance, attention, path finding, A* search, human information processing
AIR SUPPORT CONTROL OFFICER INDIVIDUAL POSITION TRAINING SIMULATION
This paper has been recognized as outstanding by its department
Kathleen Haggard––Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Perry McDowell, MOVES Institute
Co-Advisor: Lee Sciarini, Department of Operations Research
The Direct Air Support Center (DASC) is one of the Marine Corps’ primary air control agencies and is re-
sponsible for the procedural control of aircraft in support of combat operations. The primary controller in the 
DASC is the air support control officer (ASCO). Current ASCO training is costly, infrequent, and inadequate. 
This thesis addresses these gaps by using an instructional systems design approach to creating a prototype 
training environment for ASCO training. First, this thesis conducts a detailed analysis of the ASCO task and 
a review of current technical capabilities for similar domains. Based on these analyses, key technology features 
and ASCO tasks are identified and used to generate requirements for the development of the prototype sys-
tem. Next, based on identified requirements, a prototype virtual-training environment utilizing a speech-to-
text engine was designed and developed. Finally, an efficacy evaluation of the system by subject matter experts 
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suggests that a training simulation such as the prototype developed in the course of this work could improve 
readiness of the DASC community. Full Text 
Keywords: training simulation, air support, Direct Air Support Center, voice recognition
DISCRETE EVENT SIMULATION FOR THE ANALYSIS OF 
ARTILLERY FIRED PROJECTILES FROM SHORE
James Sheatzley––––– Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Arnold Buss, MOVES Institute
Second Reader: Susan Sanchez, Department of Operations Research
The purpose of this thesis is to provide decision makers with a tool for analyzing the effectiveness of current 
United States Marine Corps artillery systems conducting anti-access area-denial operations. Artillery effects 
against land targets are documented and understood, but a knowledge gap exists regarding the effectiveness 
of artillery operations in the littorals. Expeditionary Fire Support Mode–Maritime (EFSM) is a discrete event 
model that simulates current capabilities of Marine Corps artillery systems. Integrating an existing naval 
convoy model, two proof-of-concept littoral scenarios are presented that represent battalion and regimental 
artillery task organizations tasked to deny freedom of navigation (area denial) and stop an amphibious naval 
convoy (anti-access). Results from a designed experiment indicate artillery systems provide commanders a 
limited area-denial capability and should be employed where naval forces are limited in maneuverability and 
follow known routes close to shore. Overall, artillery achieve higher destruction rates in the area-denial sce-
nario than anti-access scenario. Factors important for successful anti-access area-denial operations include 
unmanned aerial system speed and firing delay of the M777A2 lightweight howitzer. Data produced during 
experimentation demonstrates the EFSM provides analysts and decision makers a tool for exploring artillery 
effects in a littoral environment. Full Text 
Keywords: Discrete Event Simulation, Simkit, Anti-Access Area Denial, Artillery, Experimental Design
A SIMULATION OF READINESS-BASED SPARING POLICIES
John Wray––––– Lieutenant Colonel, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Arnold Buss, MOVES Institute
Second Reader: Karla Lizzo, Naval Supply Systems Command
We develop a simulation to complement a new optimization tool that establishes inventory levels for aviation 
weapon systems (WS) in the U.S. Navy. The optimization seeks cost minimization while achieving required 
readiness rates for hundreds of WS, each comprising thousands of indentured parts. Based on work in similar 
realms, the optimization employs the Vari-Metric model and a variant of a greedy heuristic algorithm to set 
stock levels and estimate overall WS availability. Our discrete event simulation is then used to test the as-
sumptions of the new optimization tool, compare its performance to other optimization tools available, and 
provide additional metrics for decision makers. In testing the new optimization tool, we find that (a) there is 
no systemic bias in estimated readiness; and (b) 53 of 64 WS simulated yield results within 5% difference, with 
a worst-case difference of 8%. We also test two legacy optimization tools currently in use by the Navy and find 
they have a larger difference in expected readiness. Finally, we demonstrate additional insights and metrics 
from the simulation that are not available in the optimization tools. Full Text 




REAL OPTIONS VALUATION IN THE DESIGN OF FUTURE SURFACE COMBATANTS
Lauren Majchrzak––––– Commander, United States Navy
Master of Science in Network Operations and Technology
Advisor: Johnathan Mun, Department of Information Sciences
Second Reader: Tom Housel, Department of Information Sciences
In a rapidly evolving world, the U.S. Navy must build an affordable, sustainable fleet of surface combatants 
that is capable of keeping pace with any threat. This can only be accomplished with a highly sophisticated fleet 
of reconfigurable vessels capable of meeting their service-life expectancy of 40 years. Modular Adaptable Ship 
(MAS) designs that include flexibility, decoupled payloads from the platform, standard interfaces, planned 
access routes, and growth margin for future technological advances present a viable option for the U.S. Navy. 
If the design approach to future surface combatants incorporates the use of Real Options Valuation (ROV) 
within the Integrated Risk Management (IRM) framework to account for unknown risk at the time of design, 
a reasonable portfolio of design options can be presented throughout the various stages of production. From 
our examination of the use of modular payloads on the Freedom (LCS-1) and Independence (LCS-2) classes 
and the planned access routes and growth margin for modernization on the San Antonio (LPD-17) class, a 
strong case can be made that a surface combatant designed with flexibility and adaptability would ultimately 
afford benefits to all entities within the Department of Defense. Full Text 
Keywords: real options valuation, flexible and adaptable ship design, modular adaptable ship (MAS) designs, 
future surface combatants, modular payloads, reconfigurable vessels
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FORECASTING MAINTENANCE SHORTCOMINGS OF A PLANNED EQUIPMENT 
DENSITY LISTING IN SUPPORT OF EXPEDITIONARY MISSIONS
Oludare Adeniji––––– Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Thomas Lucas, Department of Operations Research
Second Reader: Peter Ward, Department of Operations Research
The Marine Expeditionary Unit (MEU) is the U.S. Marine Corps’ premiere forward-deployed force and pos-
sesses the capability to provide self-sustainment for a minimum of 15 days. This thesis takes a close look at 
how the U.S. Marine Corps supports expeditionary deployments. Expeditionary logistics has long been a 
challenge within the Department of Defense. This study focuses on improving the level of organic support 
available to deployed units. More importantly, it examines the methodology used to build the class IX block 
embarked on ship prior to deployment. The class IX block is defined as a repository of maintenance items 
available on ship throughout the deployment without external support. The sample data used in this research 
is an accurate representation of an Equipment Density Listing used in support of a deploying MEU. The goal 
of this thesis is to provide results that can be compared to historical data to evaluate model and simulation 
outputs. This thesis provides recommendations on improving the methodology implemented in building class 
IX blocks for future expeditionary deployments, including the need to gather and retain more data to better 
understand uncertainties in parts usage. Lastly, recommendations are given for future studies in support of 
MEU equipment sustainment. Full Text 
Keywords: class IX block, simulation, readiness, Marine Expeditionary Unit, MEU, Bayesian statistics
A MULTI-ARMED BANDIT APPROACH TO FOLLOWING A MARKOV CHAIN
This paper has been recognized as outstanding by its department
Ezra Akin––––– –Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Roberto Szechtman, Department of Operations Research
Second Reader: Moshe Kress, Department of Operations Research
Across defense, homeland security, and law enforcement communities, leaders face the tension between mak-
ing quick but also well informed decisions regarding time-dependent entities of interest. For example, consider 
a law enforcement organization (searcher) with a sizable list of potential terrorists (targets) but far fewer obser-
vational assets (sensors). The searcher’s goal is to follow the target, but resource constraints make continuous 
coverage impossible, resulting in intermittent observational attempts. We model target behaviour as a discrete-
time Markov chain with the state space being the target’s set of possible locations, activities, or attributes. In 
this setting, we define following the target as the searcher at any given time step correctly identifying and then 
allocating the sensor to the state that has the highest probability of containing the target. In other words, in 
each time period, the searcher’s objective is to decide where to send the sensor, attempting to observe the 
target in that time period, resulting in a hit or miss from which the searcher learns the target’s true transition 
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behaviour. We develop a Multi-Armed Bandit approach for efficiently following the target, where each state 
takes the place of an arm. Our search policy is five to ten times better than existing approaches. Full Text 
Keywords: applied probability, stochastic optimization, machine learning, discrete time Markov chains, sto-
chastic Multi-Armed Bandit, combinatorial Multi-Armed Bandit, online learning, and intelligence analysis.
ANALYSIS OF SHIPHANDLERS’ EYE-GAZE AND SIMULATION 
DATA FOR IMPROVEMENTS IN COVE-ITS SYSTEM
This paper has been recognized as outstanding by its department
Salman Aleem––––– Squadron Leader, Pakistan Air Force
Master of Science in Operations Research
Advisor: Quinn Kennedy, Department of Operations Research
Co-Advisor: Perry McDowell, MOVES Institute
Second Reader: Ruriko Yoshida, Department of Operations Research
An intelligent tutoring system (ITS) is paired with U.S. Navy immersive virtual trainer for shiphandling called 
Conning Officer Virtual Environment (COVE) to monitor students’ performance and provide spoken feed-
back. The feedback can be improved by incorporating the cognitive state of shiphandlers through analysis of 
their attention-allocation patterns from eye-tracking data. This thesis research contains a pilot study directed 
toward analyzing the eye-tracking data of expert and novice shiphandlers. We examined the relationship 
between a shiphandler’s experience level, attention-allocation patterns, and performance during a simulated 
shiphandling exercise. Five novice and four expert shiphandlers from the U.S. Navy Surface Warfare Officers 
School participated in the study. Our analyses indicate expertise differences in shiphandling performance, 
general eye-tracking measures, scan transitions, as well as time distribution between different areas of inter-
est. The experts’ superior shiphandling performance was linked with having targeted and tight attention-
allocation patterns that focused only on the relevant areas of interest. Novices’ attention-allocation patterns 
were highly scattered and irregular. Results suggest that incorporating the ideal attention-allocation patterns 
of the experts into the ITS could improve its feedback to novice shiphandlers by telling novices where they 
should look and when. The study is based on a small sample size; therefore, further data collection should be 
performed to confirm the results. Full Text 
Keywords: shiphandling, eye tracking, intelligent tutor
GENERATING SHIP-TO-SHORE BULK FUEL DELIVERY 
SCHEDULES FOR THE MARINE EXPEDITIONARY UNIT
Robert Christafore––––– Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Michael Atkinson, Department of Operations Research
Co-Advisor: Kyle Lin, Department of Operations Research
Second Reader: Emily Craparo, Department of Operations Research
Resupplying Marine Corps units ashore from a seabase presents a unique challenge for amphibious plan-
ners. In particular, it is a laborious process to generate the schedules for the ship-to-shore assets that deliver 
supplies ashore. In this thesis, we focus specifically on the delivery of bulk fuel for a Marine Expeditionary 
Unit (MEU). We introduce the MEU Amphibious Connector Scheduler (MACS) tool to quickly provide 
amphibious planners with optimized and executable ship-to-shore delivery schedules of bulk fuel to multiple 
locations ashore. MACS consists of three main models. The first is a dynamic network flow model to compute 
the optimal number of runs (i.e., round-trips) for each delivery asset to meet the demand for fuel on shore as 
quickly as possible. The second model is an assignment heuristic that orders the runs for each delivery asset. 
This assignment heuristic allows us to bypass a slow mixed-integer linear program. The final model is a linear 
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program that takes the output from the first two models and creates a minute-by-minute schedule that mini-
mizes the average completion time over the delivery assets. We analyze several different scenarios, and MACS 
generates schedules in less than one minute. Full Text 
Keywords: MEU, scheduling, schedule, amphibious, connectors, fule, expeditionary, ARG
SIMULATING SUSTAINMENT FOR AN UNMANNED LOGISTICS SYSTEM 
CONCEPT OF OPERATION IN SUPPORT OF DISTRIBUTED OPERATIONS
This paper has been recognized as outstanding by its department
Elle Ekman––––– Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Susan Sanchez, Department of Operations Research
Second Reader: Douglas MacKinnon, Department of Information Sciences
Marine Corps logistics always seeks to remain responsive, flexible, and sustainable to successfully support 
highly maneuverable units dispersed over large operational areas. The variety of Marine Corps battlespaces 
and the constant evolution of enemy weapons and tactics, however, makes logistic support increasingly dif-
ficult. Unmanned logistics systems (ULS) show potential to reduce Marine personnel risk and workload and 
increase throughput, efficiency, and flexibility. To assist in the development of ULS operational concept and 
platform employment, this thesis uses discrete-event simulation and a designed experiment to model and 
explore a ship-to-shore logistics process supporting dispersed units via three types of ULSs, which vary pri-
marily in size. Major findings from the analysis illustrate the importance of the type of logistics method used 
in predicting successful re-supply and risk effects to the system. The hub-and-spoke re-supply method is less 
variable, returns higher ratios of delivered supplies, and performs better independent of risk when compared 
to the linear method. The observed method effects increase with the distance a unit is from the main logistics 
node. Small ULSs should be used for just-in-time re-supply, medium ULSs should be used for throughput, and 
all systems should be survivable to minimize risk. Full Text 
Keywords: Marine Corps, expeditionary operations, distributed operations, logistics, throughput, supply, 
ship-to-shore, unmanned logistics systems, simulation, discrete event simulation, design of experiments, data 
analysis, simplekit, nearly orthogonal and balanced designs
ANALYSIS OF THE GLOBAL MARITIME TRANSPORTATION SYSTEM AND ITS RESILIENCE
Daniel Funk–––– –Major, German Army
Master of Science in Operations Research 
and 
Master of Science in Applied Mathematics
Advisor: David Anderson, Department of National Security Affairs
Co-Advisor: Ralucca Gera, Department of Applied Mathematics
Second Reader: Stephen Flynn, Northeastern University
The global maritime transportation system carries more than 90% of the foreign trade of the United States 
and many other industrial nations. The loss of a port or the blockade of a canal can cause serious economic 
consequences, particularly when prearranged deliveries cannot reach their destinations or have to take long 
detours. Therefore, the efficiency and operability of the global economy depends highly on the resilience of 
this system. In this thesis, we analyze the maritime transportation system as a network consisting of container 
ports, maritime choke-points and transportation routes between them. We apply the methods and metrics 
of the network science to find the most central nodes. Furthermore, we formulate a multi-commodity linear 
optimization model and perform an analysis on different scenarios involving the interdiction of one or more 
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container ports or chokepoints. We contrast the results afforded by the two perspectives. In addition, we 
evaluate the potential effect of increasing capacity on the Arctic sea routes. Full Text
Keywords: global maritime transportation network, container transport, critical infrastructure, cargo flow, 
web scraping, network modeling, network analysis, multiplex network, network centrality, multi-commodity 
linear optimization, network interdiction 
AGENT-BASED SIMULATION TO SUPPORT THE EFFECTIVENESS, 
PROCUREMENT, AND EMPLOYMENT OF NON-LETHAL WEAPON SYSTEMS
Samuel Gray–––– –Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Thomas Lucas, Department of Operations Research
Second Reader: Samuel Huddleston, Department of Operations Research
The September 11, 2012, attack in Benghazi, Libya spurred the Marine Corps to establish Special Purpose 
Marine Air Ground Task Forces (SPMAGTF) Crisis Response elements to support combatant commanders. 
Two key tasks for these SPMAGTFs are to be able to conduct an embassy reinforcement and employ Non-
Lethal Weapons (NLW). Using agent-based simulation and design of experiments, this thesis explores the 
effectiveness of NLW within a dismounted patrol conducting a simulated mission in support of an embassy 
reinforcement. The XM1116 Extended Range Marking Munition is a blunt-force munition designed to inca-
pacitate noncompliant individuals. The simulated mission is set in the city of Abuja, Nigeria, which during 
the mission would be considered a semi-permissive environment. The goal of the research is to answer three 
key questions from the Joint Non-Lethal Weapons Directorate: How many NLWs should a Marine infantry 
platoon carry while conducting a dismounted patrol? Where should those NLWs be located within the patrol? 
What is the best maximum effective range to have on a blunt-force munition to reduce the number of times a 
mission utilizes lethal munitions? After conducting analysis on the data obtained from over 9,600 simulated 
embassy-reinforcement missions, it is evident that: (1) 14 NLWs within the patrol provide the greatest reduc-
tion in lethal shots fired while still making tactical sense; (2) each fire team within the patrol should have one 
NLW along with the squad leaders, platoon commander, and platoon sergeant; and (3) the ideal maximum 
effective range for the NLW is 75 meters. Full Text 
Keywords: non-lethal weapons, agent-based simulation, Pythagoras, data analysis, design of experiments, 
nearly orthogonal Latin hypercube, Special Purpose Marine Air Ground Task Force
IMPLEMENTING AND BOUNDING A CASCADE HEURISTIC 
FOR LARGE-SCALE OPTIMIZATION
This paper has been recognized as outstanding by its department
Katherine Guthrie–––– –Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Robert Dell, Department of Operations Research
Second Reader: Gerald Brown, Department of Operations Research
A cascade heuristic appeals when we are faced with a monolithic optimization model exhibiting more deci-
sion variables and/or constraints than can be accommodated by computers and/or optimization software 
available. This thesis studies the implementation and bounding of a cascade heuristic by using the integer 
linear-program implementations of two applications, a production model (PM) and the USMC Hornet As-
signment Sundown Model (HASMa). While the solutions for PM are within 5% of the optimal solution for a 
wide variety of cascade heuristic implementations, the solutions for HASMa deviate, in some cases, by over 
99% of the optimal solution. To provide a metric for the quality of a cascade heuristic solution, we produce a 
lower bound for the optimal objective-function value by aggregating segments of each model’s periods. For 
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PM, the aggregated models produce lower bounds all within 2% of the optimal objective-function value. For 
HASMa, the lower bounds can be up to 50% from the optimal objective-function value but are within 10% 
of optimal when the aggregation includes just one-third of the periods. In both cases, finding a lower bound 
for the optimal objective-function value provides significant insight to the quality of the cascade heuristic 
solution. Full Text 
Keywords: cascade heuristic, cascade optimization, F/A-18, production model, bounding objective function 
values
A MULTI-ARMED BANDIT APPROACH TO SUPERQUANTILE SELECTION
Adam Hepworth––––– Captain, Australian Army
Master of Science in Operations Research
Advisor: Roberto Szechtman, Department of Operations Research
Second Reader: Michael Atkinson, Department of Operations Research
We study a resource allocation problem in an intelligence setting. The intelligence cycle comprises three 
phases: collection, processing, and analysis. Enhanced efficiency within the first two stages directly impacts 
the number and types of important items that are considered by analysts, increasing the frequency with which 
the most important documents are reviewed. The dilemma here is that an analyst needs to quickly deter-
mine which sources to investigate in order to provide meaningful analysis to a request for information with 
a concrete deadline. Initially, the value of each source is unknown; so, too, is the probabilistic nature of the 
value derived from each item. Generally, more sources and documents are available to be considered within 
a limited time frame than could be ever analyzed, compounding the complexity of this problem. Our goal is 
to efficiently find the source that produces the largest fraction of relevant items with respect to a request for 
information. By “efficiently,” we mean that the analyst balances exploration versus exploitation of the differ-
ent sources judiciously. As such, the theoretical framework for this problem is that of a multi-armed bandit, 
a classic iterative decision-learning process. This thesis presents a new approach to identifying the optimal 
arm(s) of a multi-arm bandit with the largest or smallest quantile or superquantile risk, under a loss constraint. 
This problem is important not only in intelligence applications but in marketing and finance. We extend the 
existing theoretical framework of dealing with quantiles to a novel situation with estimators of conditional 
expectations over an unknown quantile. Two sequential elimination algorithms are developed that select the 
most important source for a given constraint level, sampling from the arm(s) with the largest conditional ex-
pectation over a quantile. Full Text 
Keywords: quantile, superquantile, multi-armed bandit, value-at-risk, conditional value-at-risk, probably ap-
proximately correct, root finding, stochastic root finding, loss constraint, applied probability theory, iterative 
decision learning, machine learning, intelligence processing, intelligence cycle, quantitative finance
OPTIMAL ROUTING OF COORDINATED AIRCRAFT TO 
IDENTIFY MOVING SURFACE CONTACTS
Alvaro Herraiz Solla––––– Lieutenant Commander, Spanish Navy
Master of Science in Operations Research
Advisor: Robert Dell, Department of Operations Research
Co-Advisor: W. Matthew Carlyle, Department of Operations Research
Second Reader: Connor McLemore, Operations Analysis Program Office
A warship at sea requires awareness of the ships in its vicinity in order to operate safely. This can be a daunting 
task, even when equipped with multiple shipboard systems. If naval air assets are available, a Tactical Action 
Officer directs them to gain additional information about as many surface Contacts of Interest (COI) as pos-
sible. These air asset routes can be inefficient because there are no shipboard systems to aid with route plan-
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ning. Additional complications include COIs moving during a route and some COIs being more important 
to visit than others. This thesis formulates and implements two Optimal Routing of Coordinated Aircraft 
(ORCA) Integer Linear Programs (ILP) to plan air asset routes that visit as many prioritized COIs as possible 
in a fixed time horizon. We report computation results planning for up to four air assets and up to 80 COIs. 
Solution time for both ILPs is less than half an hour for typically encountered routing scenarios with less than 
40 COIs. For 80 COIs, we find solutions in less than two minutes to visit 61 COIs, or up to 77 if we can wait 
two hours to obtain the solution. Full Text 
Keywords: generalized orienteering problem, traveling salesman problem, heuristic, vehicle routing problem, 
optimal routing of coordinated aircraft
MEGACITY ANALYSIS: A CLUSTERING APPROACH TO CLASSIFICATION
Jimmy Housley–––––– Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Lyn Whitaker, Department of Operations Research
Co-Advisor: Jeffrey Appleget, Department of Operations Research
Second Reader: Robert Burks, Department of Defense Analysis
Megacities are characterized by large populations (at least 10 million) and interdependent infrastructure, de-
mographic, economic, and government networks (the four pillars). To be successful in future operations, 
the military must expand its understanding of megacities and their networks. In particular the Joint Warfare 
Analysis Center ( JWAC) is interested in these megacity networks and their implications for potential urban 
operations. We develop a methodology to group like megacities into five clusters. With 33 variables describing 
the four pillars, we construct a data set using over 90 data sources for 41 large urban areas. This work greatly 
expands previous work in both the number of cities studied and the number of variables used. We also study 
clustering sensitivity to missing values by generating an ensemble of 5,000 clusterings based on randomly im-
puted missing values. We compare these to clustering without imputation, the ensemble consensus or average 
clustering, and clusterings from previous studies in addition to identifying which cities are sensitive to missing 
values. Our work not only informs JWAC of the similarities and differences between the 41 cities studied, it 
also provides a method to identify for which cities more data collection is warranted, and it provides a blue-
print for future work in this area. Full Text 
Keywords: megacity, urban, cluster, unsupervised learning
AN ANALYSIS OF FACTORS THAT INFLUENCE LOGISTICS, OPERATIONAL AVAILABILITY, 
AND FLIGHT HOUR SUPPLY OF THE GERMAN ATTACK HELICOPTER FLEET
This paper has been recognized as outstanding by its department
Manuel Loewer––––– Major, German Army
Master of Science in Operations Research
Advisor: Robert Koyak, Department of Operations Research
Co-Advisor: Paul Sanchez, Department of Operations Research
Second Reader: Susan Sanchez, Department of Operations Research
There are several problems that limit the availability of modern-type helicopters that the German Army has 
been acquiring during the last ten years, including inspection policies, reliability, spare parts availability, and 
the number of personnel devoted to aircraft maintenance. The goal of this thesis is to identify factors that 
could lead to measurable improvement in operational availability and flight-hour supply of the German Army 
helicopter fleet. This research uses statistical analysis of failure-time data and a simulation model that emulates 
the usage and maintenance policies adopted by the fleet. The simulation model reflects normal daily operating 
and maintenance activities and manages individual aircraft with respect to flying operations and maintenance 
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activities, including extensive scheduled inspections, non-recurring special inspections, and failure-driven 
unscheduled maintenance actions for each aircraft on a daily basis. The model reproduces recent historical 
trends accurately. It provides useful insights about the future availability of the German Army helicopter fleet 
by keeping current policies in place and making investments in the maintenance system. Without such invest-
ments, availability can be expected to decline over the next several years. By increasing maintenance assets, 
the decline can be reduced in a quantifiable manner. Full Text 
Keywords: simulation, design of experiments, input modeling, response surface modeling, reliability analysis
DETERMINING TACTICAL USAGE OF NON-LETHAL WEAPONS 
FOR FIXED SITE SECURITY OF U.S. EMBASSIES
Zachary Maldonado––––– Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Thomas Lucas, Department of Operations Research
Second Reader: Mark Raffetto, Department of Operations Research
The 2012 attack on the U.S. Embassy in Benghazi, Libya, exposed a national vulnerability. In response, the 
Marine Corps established Special Purpose Marine Air Ground Task Forces Crisis Response elements to sup-
port combatant commanders. One of their key tasks is to conduct an embassy reinforcement if required. This 
research uses modeling and simulation to explore the tactical use of an area fire non-lethal weapon (NLW) on 
crowds outside of a U.S. embassy. The research explores the following: 1. Is the NLW effective at reducing the 
lethality of the situation? 2. Are there any tactical insights gained by using agent-based simulation? 3. Is there a 
tactical benefit to reducing the minimum engagement range for the NLW? The results of this research indicate 
that having this non-lethal capability does reduce the lethality of the scenario and that all posts should carry 
at least two NLWs. Additionally, if three NLWs are assigned to each post, the other factors explored have little 
impact. Finally, reducing the minimum engagement range does present a tactical benefit, but only if reduced 
to less than 20 meters. Full Text 
Keywords: non-lethal capabilities, non-lethal weapons, force protection, embassy security, agent-based model, 
simulation, agent-based simulation, Pythagoras, data farming, design of experiments, data analysis
AN EFFICIENT MISSILE LOADOUT PLANNING TOOL FOR OPERATIONAL PLANNERS
Joseph Newman–––– –Lieutenant, United States Navy
Master of Science in Operations Research 
and 
Master of Science in Applied Mathematics
Advisor: Gerald Brown, Department of Operations Research
Co-Advisor: Craig Rasmussen, Department of Applied Mathematics
Second Reader: Jeffrey Kline, Department of Operations Research
This thesis introduces a planning system that decides which missiles to load on which deploying ships to maxi-
mize their campaign effectiveness across all anticipated operational theater war plans. Currently, operational 
planners manually identify missile loadouts and ship assignments with little to no metric to identify if a better 
plan exists. The load plans must be robust with respect to a range of potential missions and conflicts (we do 
not get to choose the war we must fight) and must provide adequate defensive ability for each ship and offen-
sive ability of groups of ships. We consider about 30–40 customer combatants with Mark 41, Mark 57, or any 
other Vertical Launching System (VLS) variant to appear, including ships home-ported in the United States 
as well as forward-deployed units. The Excel-based planning system accounts for several factors, including 
the nine types of missiles; the limits on the number of each missile type available; the limits on the amount of 
swapping of missiles between ships; the compatability of certain missile types with certain VLS modules on 
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certain ships; and the possible need to spread certain missiles equitably among ships. The system is fast, easy 
to understand and use, and operates on Navy Marine Corps Intranet computers. Full Text
Keywords: Vertical Launching System, VLS, missiles, ships, threats, missions, deployment cycle, optimiza-
tion, war plans
OPTIMIZATION OF AN ADVANCED MULTI-JUNCTION SOLAR-CELL DESIGN FOR 
SPACE ENVIRONMENTS (AM0) USING NEARLY ORTHOGONAL LATIN HYPERCUBES
This paper has been recognized as outstanding by its department
Silvio Pueschel–––––– Lieutenant Colonel, German Army
Master of Science in Operations Research
Advisor: Sherif Michael, Department of Electrical and Computer Engineering
Co-Advisor: Thomas Lucas, Department of Operations Research
Second Reader: Paul Sanchez, Department of Operations Research
This thesis focuses on the replacement of a genetic algorithm currently used to optimize multi-junction solar 
cells with Silvaco Atlas simulation software. It introduces the nearly orthogonal Latin hypercube (NOLH) 
design of experiments (DoE) as a means for exploring and optimizing solar cell designs in Silvaco Atlas. The 
general applicability of this approach has been proven, and compared to the genetic algorithm optimization 
technique, the following achievements have been made. The pre-generated simulation designs can now be 
processed in parallel, which drastically reduces the time required to conduct multiple simulations. Moreover, 
the data generated using the NOLH enabled a better understanding of the simulation input/output relation-
ship and helped to focus the solar cell development by highlighting the design parameters that matter most. 
Using stepwise regression to build a metamodel helped in finding an optimal design and revealing the interac-
tions among the input parameters. The initial simulation has already yielded promising results and has clearly 
shown the preeminence of the NOLH over the genetic algorithm by identifying a design with greater than 
21% more power output than in previous designs. The NOLH DoE should become the new standard for 
optimizing solar cells in Silvaco Atlas. Full Text 
Keywords: solar cell, InGaP, GaInP, GaAs, Ge, single cell, dual-junction cell, optimization, maximum power, 
efficiency, Silvaco ATLAS, simulation, photovoltaic, nearly orthogonal Latin hypercube, design of experi-
ments
A TEXT ANALYSIS OF THE MARINE CORPS FITNESS REPORT
Philipp Rigaut–––– –Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Robert Koyak, Department of Operations Research
Second Reader: Chad Seagren, Graduate School of Business and Public Policy
The Marine Corps loses about half of its nearly 2,000 officers at the end of their initial contracts for various 
reasons. In an effort to control talent retention, the Marine Corps is examining if the appropriate evaluation 
structure is in place to identify the top performers. This study is an analysis of textual information contained 
in fitness reports to determine the extent to which it informs promotion boards of the quality of a Marine of-
ficer. We examine 71,212 observed fitness reports from the 1996, 1997, 2006, and 2007 officer cohorts, which 
we observe from 2007 to 2016. We use text statistics, readability indicators, natural language processing, and a 
variety of statistical machine-learning algorithms to predict the top and bottom performers. We find that fit-
ness reports for the best-performing officers are well written, use simple words in longer sentences, and com-
ment on future command opportunities. Remarks on performance, potential, billet assignment, and education 
do not contribute predictive power. The fitness report contributors often disagree, and informative power 
is lost when the assigned marks do not conform to issued guidance. In isolation, the comment sections are 
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inconclusive for predicting an officer’s performance tier. We attain a correct classification rate of 67% when 
using an optimized ensemble of prediction models. We recommend that the Marine Corps provide word-
picture guidance to distinguish talented Marines and promote conformity in issuing quantitative assessments 
of performance. Full Text 
Keywords: natural language processing, fitness reports, computational linguistics, manpower
PREDICTING RANGER ASSESSMENT AND SELECTION PROGRAM 
1 SUCCESS AND OPTIMIZING CLASS COMPOSITION
Anthony Smith––––– Major, United States Army
Master of Science in Operations Research
Advisor: Robert Dell, Department of Operations Research
Co-Advisor: Jeffrey House, Department of Operations Research
Second Reader: Samuel Buttrey, Department of Operations Research
The 75th Ranger Regiment is a U.S. Army Special Operations unit responsible for executing raids and forc-
ible-entry missions across the globe within 18 hours of notification. In this thesis, we conduct the first data 
analysis and optimization of Ranger Assessment and Selection Program 1 (RASP1). RASP1 is an eight-week 
selection for volunteers in the grade of E1 (Private) to E5 (Sergeant) implemented up to ten times per year. We 
create logistic regression and partition-tree models to identify significant factors that contribute to a candi-
date’s success at RASP1 and predict graduation rates. We use an integer linear program (ILP) to prescribe the 
number of soldiers by grade and Military Occupational Specialty to bring to each RASP1 class to efficiently 
fill required billets across all units in the Ranger Regiment. We provide the Ranger Regiment leadership with 
flexible models that offer insight to support their manning decisions. We show effects on RASP1 class com-
position with changes to capacity constraints, input parameters, and demand. For example, we find that the 
Ranger Regiment could reduce the number of annual RASP1 classes from ten to eight based on several realis-
tic assumptions. Such an annual reduction could save hundreds of man-hours and significantly reduce training 
resource requirements (e.g., ammunition, land use, barracks and food). We encourage detailed exploration of 
our underlying assumptions and continued use of the ILP. Full Text 
Keywords: 75th Ranger Regiment, Special Operations, data analysis, integer linear programming, optimiza-
tion, man power analysis
PROMOTION FACTORS FOR ENLISTED INFANTRY MARINES
Micah Steinpfad––––– Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Robert Koyak, Department of Operations Research
Second Reader: Chad Seagren, Graduate School of Business and Public Policy
The Marine Corps dedicates itself to ensuring quality retention and promotion. To accomplish this, we must 
analyze the effects of policy and the quality of Marines currently serving. This thesis considers data from 
97,013 enlisted infantry Marines who entered the Marine Corps from 2001 to 2016 to determine which factors 
contribute toward promotion for the ranks of lance corporal, corporal, sergeant, and staff sergeant. To assess 
which ranks proportionally promote more high-quality Marines, we compare two performance evaluation 
methods: proficiency and conduct marks and reporting senior and reviewing officer values. Our analysis of 
the data shows that the most important factors for promotion are conduct scores, reporting senior relative 
values, the number of deployments, combat fitness test (CFT) and physical fitness test (PFT) scores, and 
zero adverse fitness reports. From the two performance-evaluation methods, we find that the Marine Corps 
promotes proportionally more high-quality Marines as reflected in fitness reports than with proficiency and 
conduct marks. Promoting and retaining the highest-performing Marines will ensure they are fully prepared 
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to meet current and future challenges to national security. We must develop new methods for retaining more 
top-quality Marines to ensure their greatest probability of success. Full Text 
Keywords: Marine Corps, enlisted, promotion, infantry, predictors, performance, fitness reports, rpart, trees, 
classification and regression tree, proportion, probability, quality, proficiency, conduct, reporting senior, re-
viewing officer
PREDICTING VESSEL TRAJECTORIES FROM AIS DATA USING R
This paper has been recognized as outstanding by its department
Brian Young––––– –Major, United States Army Reserve
Master of Science in Operations Research
Advisor: Robert Koyak, Department of Operations Research
Second Reader: Samuel Huddleston, Department of Operations Research
Analysts and security experts seek automated algorithms to predict future behavior of vessels at sea based on 
Automated Identification System (AIS) data. This thesis seeks to accurately predict the future location of a 
vessel at sea based on cluster analysis of historical vessel trajectories using a random forest. Once similar tra-
jectories have been clustered into a route, expected prediction error can be empirically estimated based on an 
independent validation data set not used during training, then applied to an independent test set to produce 
an expected prediction region with a user-defined level of expectation. Our results show that the prediction 
region contains the true interpolated future position at the expectation level set by the user, therefore produc-
ing a valid methodology for both estimating the future vessel location and for assessing anomalous vessel 
behavior. Full Text 
Keywords: AIS, predict, route, trajectory, cluster, neural network, model, random forest
CONVOY PROTECTION UNDER MULTI-THREAT SCENARIO
Akhtar Zaman Khan––––– Lieutenant Commander, Pakistan Navy
Master of Science in Operations Research
Advisor: Jeffrey Kline, Department of Operations Research
Second Reader: Thomas Lucas, Department of Operations Research
Convoy screening has long been studied and practiced to minimize losses of ships supplying forward battle 
areas. Today, the threat of surface and subsurface platforms equipped with torpedoes and anti-ship cruise 
missiles (ASCMs) requires reevaluation of the best protection measures taken by warships, aircraft, and un-
manned systems to screen convoys. This research used agent-based simulation to develop and analyze the ef-
fectiveness of 18 models based on two basic screening methods: zone defense and close escort. Variants were 
developed based on stationing and type of combatant platforms—manned and unmanned. They were tested 
for robustness against two Red submarine approach tactics based on weapon priority and various acoustic 
conditions. The study determined the optimum weapon/sensor capabilities of combatant platforms for effec-
tive protection. We showed that layered defense in the outer screen is the most robust and effective defensive 
model against any Red weapon priority tactic and in any acoustic condition. A model with ASW helicopters 
in the intermediate screen was found to be the most effective against submarines with torpedo as priority 
weapon. Models with ASW helicopters or MDUSVs and two DDGs in the outer screen, however, were found 
to provide better defense against submarines with ASCM as priority weapon. Full Text 
Keywords: antisubmarine warfare, convoy protection, screening, design of experiments, agent-based simula-
tion
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IN-SERVICE INSPECTION APPROACHES FOR LEAD-COOLED NUCLEAR REACTORS
James Bowen–––– –Captain, United States Army
Master of Science in Physics
Advisor: Craig Smith, Department of Physics
Second Reader: James Luscombe, Department of Physics
Lead-cooled fast reactors (LFRs) present design challenges in accomplishing in-service inspections (ISIs) due 
to the opacity, corrosiveness, and high operating temperature of lead. Current technology can adjust to ac-
complish ISIs for LFRs. The inspections identified and outlined in this thesis are intended to address Nuclear 
Regulatory Commission requirements for advanced reactor design concerning ISIs. This research identifies 
ISI requirements for advanced reactors such as the LFR, assesses current ISI techniques on functioning and 
proposed reactors, and tests the physics theory, ensuring compatibility with LFRs. Techniques evaluated were 
considered applicable to LFRs and, in general, require further development. Acoustic, thermal, and eddy-
current testing methods were individually evaluated for use in an LFR and compared to the operating condi-
tions of functioning and proposed reactors. Each method was found to be potentially feasible for application 
to ISI of LFRs based on the consideration of basic physics theory. Overall, this thesis provides an outline of 
technologies that can accomplish ISIs, making LFRs a more viable option for meeting future energy demands. 
Full Text 
Keywords: in-service inspections, lead-cooled nuclear reactors, acoustic attenuation, eddy-current testing
ENHANCED IONIZATION OF PROPELLANT THROUGH 
CARBON NANOTUBE GROWTH ON ANGLED WALLS
Alfred Garvey––––– Ensign, United States Navy
Master of Science in Physics
Advisor: Dragoslav Grbovic, Department of Physics
Second Reader: Fabio Alves, Department of Physics
A benchmark to compare ion thrusters is the mass utilization factor (MUF). The MUF is the ratio of the ion-
ization area to the total cross-sectional area of the thruster and is proportional to the amount of propellant gas 
that is ionized to produce thrust; a higher MUF means greater thrust generated. Previous work has shown that 
the mass utilization factor of a carbon nanotube (CNT)–coated angled nozzle is much higher with respect to 
a 2-dimensional configuration of the same. In other words, stacking concentric square rings of decreasing size 
would result in much more propellant being ionized than a thruster of constant width. In this thesis, several 
important benchmarks were set. First, building upon previous thesis work, an angled sidewall was etched into 
a silicon wafer, resulting in an equation that can be utilized to achieve different angles. Second, that etching 
process was able to be applied long enough to create a nozzle through the silicon wafer. Third, after success-
fully growing CNTs on the angled side walls of the nozzle, a mass utilization factor was calculated from the 
etched nozzle. Lastly, a method for calculating an ideal MUF (based on current modelling) was fashioned to 
provide a baseline comparison to future laboratory testing. Full Text 
Keywords: carbon nanotubes, ion thrusters, mass utilization factor
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INTEGRATION OF ADAPTIVE OPTICS INTO HIGH ENERGY 
LASER MODELING AND SIMULATION
Donald Puent––––– Ensign, United States Navy
Master of Science in Physics
Advisor: Keith Cohn, Department of Physics
Co-Advisor: Joseph Blau, Department of Physics
We investigate the corrective effect of adaptive optics on High Energy Laser (HEL) beam propagation through 
atmospheric turbulence. The effect of adaptive optics systems was first integrated into a laser propagation scal-
ing code, ANCHOR, that was developed within the Direct Energy research group at the Naval Postgraduate 
School (NPS). Using a host of plausible input parameters, we then compare the estimated target irradiance 
increase accomplished by various adaptive optics systems. In various cases, adaptive optics is shown to sub-
stantially increase the effective range of HELs. Full Text 
Keywords: directed energy, DE, lasers, adaptive optics, AO
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ACCURACY IN ORBITAL PROPAGATION: A COMPARISON 
OF PREDICTIVE SOFTWARE MODELS
Christopher Wildt––––– Major, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: Luqi, Department of Computer Science
Co-Advisor: Charles Racoosin, Space Systems Academic Group
Second Reader: Marcus Stefanou, Department of Computer Science
Current analytical satellite-vulnerability planning in the U.S. Space Surveillance System is reliant on two 
orbital propagators, PPT3 and SGP4, both of which have a foundation in similar theory. Since their first op-
erational use, both propagators have incorporated updated theory and mathematical techniques to model addi-
tional forces in the space environment, causing their calculation methods to diverge over time. The aggregate 
effects of these diverging mathematical techniques cause calculation differences for perturbations of an orbit 
over time, resulting in differences in future predicted positions from PPT3 and SGP4, as well as differences 
in their accuracy. The atmospheric model within each propagator is determined to be the most effective com-
ponent of each propagator to test, as the theoretical atmospheric drag calculation methods of PPT3 and SGP4 
differ greatly. PPT3 and SGP4 both perform well within the expected accuracy limits inherent with analytical 
models, with neither propagator demonstrating an accuracy rate decay that was significantly better or worse 
than the other. Compared to ground truth observations, both propagators demonstrate decreased accuracy 
for satellites under greater effects from atmospheric drag, i.e., satellites that are closer to the Earth. Satellite-
vulnerability planning with these propagators should therefore utilize the most current TLE data available to 
avoid accuracy errors. Full Text 
Keywords: orbital mechanics, orbital prediction software
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A TECHNOLOGY ANALYSIS TO SUPPORT ACQUISITION OF 
UAVS FOR GULF COALITION FORCES OPERATIONS
Mohamed Alobaidli––––– Captain, Royal Bahraini Air Force
Master of Science in Systems Engineering
Advisor: Alejandro Hernandez, Department of Systems Engineering
Second Reader: Matthew Boensel, Department of Systems Engineering
This thesis examines the potential effect of unmanned aerial vehicles in the Decisive Storm operations. This 
analysis of UAV technology will assist Gulf Coalition Forces decision makers in their selection of the most 
suitable and cost-effective unmanned aerial vehicles to support detection operations. This study uses Map 
Aware Non-Uniform Automata, an agent-based simulation software platform, for the computational experi-
ments. It models the operational area, system entities for the Gulf Coalition Forces, and the Houthi militia’s 
attempts to cross the Saudi–Yemeni border. The software collects relevant data that can be translated into 
measures of mission effectiveness. Results from 10,400 simulation runs of Houthi efforts to infiltrate the 
operational area are analyzed using descriptive statistics, linear regression, and partition trees. These results, 
which include a significantly increased percentage of infiltrators being detected by Gulf Coalition Forces and 
improved time to detect them, support the use of UAVs in detection missions. Computer experimentations 
and analyses reveal the most significant capabilities the UAV should have to achieve operational goals. These 
significant capabilities fall within the U.S. Department of Defense’s Group 3 UAV classification. Therefore, 
the Gulf Coalition Forces should consider procuring UAVs in that category to enhance detection in the op-
erational area. Full Text 
Keywords: Design of Experiment, computer experiments, Nearly Orthogonal Latin Hypercube, unmanned 
aerial vehicle, border security, simulation, Agent-Based Modeling, Gulf Coalition Forces, Decisive Storm, 
Gulf Corporation Council, analytic hierarchy process, measure of effectiveness
DEVELOPING A WEBFIRES TRAINING SYSTEM
Matthew Alvarez, Benjamin Arnett, Daniel DeCicco, Michael 
Hook, Austin Thompson, Kevin Weeks, and Seng Yee
Master of Science in Systems Engineering Analysis 
and 
Master of Science in Systems Engineering
Advisor: Fotis Papoulias, Department of Systems Engineering
Co-Advisor: William Hatch, Graduate School of Business and Public Policy
Co-Advisor: Michael Atkinson, Department of Operations Research
This project report describes a proposed foundation for a system-of-systems training architecture that closes 
gaps in the Navy’s current strike-group training processes to more effectively train and support warfighters in 
the execution of a webfires concept. Today’s fleet training systems lack the capability and capacity to provide 
The following theses and capstone project reports were produced by residential or distance-learn-
ing students in the systems-engineering curriculum. The degrees awarded include Masters of Sci-
ence in Systems Engineering and Systems Engineering Management.
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adequate integrated training that leverages the necessary high-velocity learning expected of future warfighters 
who will employ and implement the webfires concept in the next 10 to 15 years. The current training processes 
and systems fail to provide sufficient hardware/software integration, training repetition, and performance 
feedback necessary to prepare warfighters to employ webfires against a near-peer threat. This report details 
requirements that a future training system should possess to fill gaps in the Navy’s current training process 
and align it with the Optimized Fleet Response Plan. It contains actionable recommendations for stakeholders 
and identifies key technology development areas that will enable a future webfires system. This report’s recom-
mendations will improve the way the Navy conducts fleet training and will create a competitive advantage in 
the maritime environment. Full Text 
Keywords: webfires, integrated fires, net-centric warfare, cross-domain, kill web, kill chain, tactical cloud, 
distributed lethality, support, conduct, evaluate, sustainment, deployment, integrated, basic, simulation, at-sea, 
in-port, training, OFRP, optimized fleet response plan, architecture, strike group, high-velocity learning 
ENGINEERING OF FAST AND ROBUST ADAPTIVE CONTROL 
FOR FIXED-WING UNMANNED AIRCRAFT
Ryan Beall––––– Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Oleg Yakimenko, Department of Systems Engineering
Co-Advisor: Vladimir Dobrokhodov, Department of Mechanical and Aerospace Engineering
Second Reader: Fotis Papoulias, Department of Systems Engineering
As the demand for Unmanned Aerial System technology increases, the current guidance, navigation, and 
control (GNC) algorithms will scale poorly to meet the demand because, currently, significant resources are 
required to certify flight controllers on an individual platform basis. As different airframes are introduced to 
meet the expanding mission requirements, the resources required to sustain the GNC certification demand 
will become a limiting factor in scalability. The feasibility of replacing conventional GNC techniques with 
modern adaptive control theory was conducted on a commercial-off-the-shelf open-source autopilot. This 
enabled rapid prototyping and integration of an adaptive controller. The adaptive controller architecture was 
designed to be aircraft non-specific. This ensures the controller easily integrates into any aircraft, therefore 
minimizing the resource burden of tuning and certification. The adaptive controller tested in this research 
improved performance over the baseline controller and was rapidly integrated on multiple various airframes 
with minimal resources. Improved performance over classical feedback was achieved with fast and robust 
adaptation in multiple regimes of flight. Full Text 
Keywords: L1 Adaptive Control, fixed-wing modern control, fast and robust adaptive control
SYSTEM ARCHITECTURE AND OPERATIONAL ANALYSIS OF MEDIUM 
DISPLACEMENT UNMANNED SURFACE VEHICLE SEA HUNTER AS A 
SURFACE WARFARE COMPONENT OF DISTRIBUTED LETHALITY
Kristjan Casola––––– Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Eugene Paulo, Department of Systems Engineering
Co-Advisor: Paul Beery, Department of Systems Engineering
Second Reader: Fotis Papoulias, Department of Systems Engineering
This thesis analyzes the vessel’s potential contribution to distributed lethality as a surface warfare platform. 
The author first attempts to establish traceability, requirements, and capabilities while determining the archi-
tecture framework in accordance with the Department of Defense Architectural Framework. Then, using an 
experimental approach with a basic operational analysis, this thesis demonstrates, through the use of model-
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based systems engineering and simulation tools, the effectiveness of an anti-surface warfare version of the 
Anti-Submarine Warfare Continuous Trail Unmanned Vessel (ACTUV) in supporting distributed lethality. 
Analysis is built on ACTUV simulation data already available as well as results from the author’s simulations. 
Full Text 
Keywords: autonomous, unmanned, Sea Hunter, ACTUV, MDUSV, model based systems engineering, 
MBSE, Department of Defense Architectural Framework, DoDAF, system architecture, distributed lethality, 
adaptive force package
DEVELOPMENT OF A SYSTEMS ENGINEERING COMPETENCY 
MODEL TOOL FOR THE AVIATION AND MISSILE RESEARCH, 
DEVELOPMENT, AND ENGINEERING CENTER (AMRDEC)
Mark Chess, Adam Christiansen, Daniel Cobb, Joseph Green, David Je-
rome, Brandon Payne, Mark Rusak, and Timothy Wright
Master of Science in Systems Engineering 
and 
Master of Science in Engineering Systems
Advisor: Clifford Whitcomb, Department of Systems Engineering
Second Reader: Ronald Carlson, Department of Systems Engineering
The Naval Postgraduate School has developed a competency model for the systems engineering profession 
and is implementing a tool to support high-stakes human resource functions for the U.S. Army. A systems 
engineering career competency model (SECCM), recently developed by the Navy and verified by the Office of 
Personnel Management (OPM), defines the critical competencies for successful performance as a systems en-
gineer at each general schedule grade level (GS-7 to GS-15). This foundational model is structured to support 
the individual needs of any Department of Defense organization and is made operable through the creation 
and implementation of tools to facilitate the management of systems engineering competencies at the local 
organizational level with traceability to the approved OPM competencies. The Redstone SECCM Tool will 
allow documentation of system engineering competencies and assessment of individual and organizational 
development and training needs. This report documents the requirements analysis, system design, and system 
verification of the Redstone SECCM Tool, providing a path for implementation of the SECCM to support 
systems engineering human resource actions. Full Text 
Keywords: competency model, SECCM tool, systems engineering
DEVELOPING TOOLS FOR MISSION ENGINEERING ANALYSIS 
DURING HURRICANE PREPARATION AND OPERATIONS
Sean Christopherson––––– Captain, United States Army
Master of Science in Systems Engineering
Advisor: Alejandro Hernandez, Department of Systems Engineering
Co-Advisor: Eva Regnier, Defense Resources Management Institute
Second Reader: Cameron MacKenzie, Defense Resources Management Institute
The Marine Forces Reserve Headquarters Training Centers (MFRHTC) located along the southeastern United 
States coastline must make timely and appropriate decisions regarding hurricane preparation operations when 
they are threatened by tropical cyclones. In response to a request from the Marine Forces Reserve Headquar-
ters to help their MFRHTCs prepare, the Naval Postgraduate School and the Center for Educational Design, 
Development, and Distribution are developing a location-specific hurricane decision simulator (HDS) for the 
MFRHTC in Hialeah, Florida. The purpose of this thesis is to identify the types of information and resources 
necessary for hurricane preparations operations and form a conceptual design for a database support system 
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(DBSS) that will enable the required information to be collected, stored, and accessed by the HDS. Mission 
engineering analysis, systems engineering, and the military decision-making process are used to evaluate and 
analyze the information, resources, and decisions that the commander of the MFRHTC must make in prepa-
ration for a hurricane. The results of this thesis detail a conceptual design and functional baseline for the 
DBSS, specify the information and resources requirements for the DBSS, and illustrate the decision logic of 
the HDS for the MFRHTC in Hialeah. Full Text 
Keywords: mission engineering, military decision making process, hurricane preparation operations, design 
methodology
COMMAND AND CONTROL FOR DISTRIBUTED LETHALITY
Logan Corbett, Michael Enloe, William Jankowski, Erik Kelly, Ger-
ald Kummer, Keren Kummer, Sarah Smith, and Scott Watson
Master of Science in Systems Engineering
Advisor: Eugene Paulo, Department of Systems Engineering
Co-Advisor: Paul Beery, Department of Systems Engineering
Exercising command and control (C2) during naval distributed lethality operations presents a complex system 
of systems challenge in support of maritime control. Applying a model-based systems engineering (MBSE) 
approach to C2 within the distributed lethality environment requires development of methodologies to pro-
vide definition and structure for existing operational concepts while providing conceptual growth space for 
new operational techniques. This study develops a systems architecture approach to defining the C2 models 
for decentralized and distributed command structures and proposes criteria for assessing functionality and 
impacts to the C2 of naval platforms during distributed lethality operations using MBSE. The C2 modeling 
for distributed lethality documents the interconnections and relationship of information flow and the system 
requirements for maintaining the interconnection links during a simulated operational deployment of an 
adaptive force package (AFP). This modeling structure provides for an architecture view of the functions 
and measures of effectiveness that provide criteria for decision making during the operational planning of a 
distributed lethality mission. Development of an initial architecture enables future modeling and architecture 
refinement through simulations of the C2 structure and further research into technologies and methods of 
effective communication systems. Full Text 
Keywords: command and control, C2, distributed lethality, system of systems, SOS, model based systems 
engineering, MBSE
FEASIBILITY STUDY OF A VISION-BASED LANDING SYSTEM 
FOR UNMANNED FIXED-WING AIRCRAFT
Tyler McCarthy––––– Ensign, United States Navy
Master of Science in Systems Engineering
Advisor: Oleg Yakimenko, Department of Systems Engineering
Second Reader: Fotis Papoulias, Department of Systems Engineering
Successful landing of an autonomous unmanned aerial vehicle requires a high degree of accuracy and efficient 
real-time processing. This research applies systems engineering concepts to investigate the feasibility of apply-
ing computer vision techniques and visual feedback in the control loop for an autonomous system. This thesis 
examines the framework and performance of an algorithm designed to detect and track a runway in images 
captured from a camera onboard an aircraft during the final approach and landing stages of flight. Using a 
series of image processing techniques to localize the runway and the Hough transformation for line detection, 
the algorithm is capable of detecting the edges of a runway with over 96 percent accuracy through 3000 test 
images. The operating conditions for this algorithm include any scenario in which visual flight rules apply. 
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Additionally, the system will perform with runways that comply with Federal Aviation Administration regula-
tions. Future applications of this algorithm should include aircraft attitude and pose estimation as well as full 
integration into an autonomous aircraft control system. Full Text 
Keywords: autonomous systems, auto-land, computer vision, image processing, unmanned aerial vehicles
ANALYSIS OF THE REQUIREMENTS GENERATION PROCESS FOR 
THE LOGISTICS ANALYSIS AND WARGAME SUPPORT TOOL
Jonathan Swan––––– Major, United States Army
Master of Science in Systems Engineering
Advisor: Alejandro Hernandez, Department of Systems Engineering
Co-Advisor: Steven Hall, MOVES Institute
Second Reader: Gary Parker, Department of Systems Engineering
This thesis conducts an analysis of the system requirements for the Logistics Analysis and Wargame Support 
Tool (LAWST). It studies the process used to develop those requirements and potential requirements if a sys-
tems engineering (SE) approach had been used. The original requirements for LAWST are found in documen-
tation provided by the Marine Corps Expeditionary Energy Office (E2O) along with information indicating 
the sources of those requirements. As it is designed, LAWST may only be useful for a narrow scope, such as 
supporting seminar-type wargames where time is not a driving factor, while E2O is looking for a tool that is 
useful at the tactical edge to support wargaming as part of a high-paced planning process. A method based on 
the SE process is used to determine what the requirements for LAWST would be using this approach. When 
a system is developed using a set of requirements developed through an SE approach, it can address customer 
needs more completely and be produced at greater long-term cost savings than a system that has an incomplete 
set of requirements, necessitating additional development. We recommend that E2O adopt a method for gen-
erating requirements based on the SE process for any future development. Full Text 
Keywords: systems engineering process, requirements generation, LAWST, wargaming, planning
FEASIBILITY ANALYSIS AND PROTOTYPING OF A FAST AUTONOMOUS RECON SYSTEM
Marcus Torres–––– –Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Oleg Yakimenko, Department of Systems Engineering
Second Reader: Fotis Papoulias, Department of Systems Engineering
The United States Marine Corps (USMC) would like to have real-time intelligence, surveillance, and recon-
naissance (ISR) data about a landing zone prior to the aircraft entering its terminal phase of flight. This thesis 
provides a feasibility analysis and prototyping of a fast autonomous recon system. Field tests were conducted in 
the Mojave Desert using a delivery system (1/2 scale Patriot Missile rocket kit) and two aerodynamic test sets 
(ATS); the delivery system and test sets were constructed by modifying commercial-off-the-shelf products. 
Two launches were conducted; the data obtained from the altimeters determined that the ATSs experienced 
large amounts of g-force upon their initial acceleration and landing. The use of a missile or rocket to propel 
the system will allow for increased range and extended on-station time. Additionally, the Fast Intelligence, 
Surveillance, and Reconnaissance (FASTISR) system could be used to increase the flexibility of certain units 
that require ISR on their missions, instead of waiting for in-theater assets. Utilizing a missile or rocket does 
come with some increased risks. The FASTISR system must be designed and built to withstand the increased 
g-forces. The conclusion is that the USMC could employ such a technology. Full Text 
Keywords: analysis of alternatives, AOA, conceptual, computer-aided-drafting, CAD, commercial-off-the-
shelf, COTS, design, Feasibility, Intelligence, Surveillance, Reconnaissance, ISR, INCOSE, UAS, UAV, USMC
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UNMANNED TACTICAL AUTONOMOUS CONTROL AND 
COLLABORATION SITUATION AWARENESS
This paper has been recognized as outstanding by its department
Carl Beierl– Captain, United States Marine Corps
Devon Tschirley––Captain, United States Marine Corps
Master of Science in Systems Technology (Command, Control, and Communications) 
and 
Master of Science in Information Warfare Systems Engineering
Advisor: Dan Boger, Department of Information Sciences
Co-Advisor: Scot Miller, Department of Information Sciences
The Unmanned Tactical Autonomous Control and Collaboration (UTACC) program is a Marine Corps Warf-
ighting Laboratory initiative to build a Marine-robotic collaborative infantry fire team. The impact of robotic 
teammates on the situation awareness (SA) of the fire team is a central concern for this program. The prolif-
eration of SA enhancing technology to the lowest echelons of Marine infantry forces often involves a tradeoff 
between focused and distributed SA due to limited attention resources. UTACC seeks a means to measure SA 
tradeoffs due to the incorporation of robots into infantry fire teams. This thesis reviews present models of 
individual and team SA that are applicable to the military infantry environment and proposes individual and 
team models of SA that address the unique requirements of UTACC. The authors then applied SA principles 
to Coactive Design in order to inform robotic design. The result is a methodology framework using interde-
pendence analysis (IA) tables for informing design requirements based on SA requirements. Future research 
should seek to develop additional IA tables for the entirety of the Marine Corps infantry fire team mission 
set. Full Text 
Keywords: Unmanned Tactical Autonomous Control and Collaboration, UTACC, situation awareness, situ-
ational awareness, SA, team situational awareness, shared situational awareness, coactive design, interdepen-
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